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ABSTRACT

Erdem, M. Comparison of Lower and upper extremity functions after progressive
skipping training in adolescent athletes playing basketball. Yeditepe University
Institute of Health Sciences, Sports Physiotherapy, Master Thesis. Istanbul (2019).

The aim of this study; to compare the lower and upper extremity performance
parameters of basketball players after this training program. Thirty-seven (N: 37)
athletes with a mean age of 14.71 years playing basketball at the Galatasaray Sports
Club were included in the study. In the first stage of the study, the demographic
characteristics, training information and position of the athletes were questioned. The
athletes were randomly divided into two groups as training group (n: 19; F / M: 6/13)
and control group (n: 18; F / M; 6/12). All subjects underwent lower and upper
extremity performance tests before progressive skipping training. Seated Medicine Ball
Throw (SMBT), Seated Shot Put Test (SSPT) and Closed Kinetic Chain Upper
Extremity Stability Test (CKCUEST) were used for upper extremity strength
assessment and Y-Balance Test Upper Extremity (YBTUE) was used for balance
assessment. Horizontal Jump (HJ) test was used to evaluate the lower extremity. In
addition, agility and balance assessments Figure 8 Hop Test (Fig8) and Y-Balance Test
Lower Extremity (YBTLE) test were used. All subjects continued their normal training
programs in the middle of the season after the first evaluation. The athletes in the
training group, unlike the control group athletes, were included in the skipping program
three times a week for eight weeks. At the end of 8 weeks, all athletes were evaluated
by SMBT, SSPT, CKCUEST, YBTUE, YBTLE, HJ and Fig8 tests. SSPT, CKCUE,
Fig8 and HJ tests performed in the training group showed a statistically positive
difference between the athletes in the training group. (P<0,05). There was no
statistically significant difference between the two groups in the Y-Balance tests
performed for lower and upper extremity for balance evaluation (p> 0.05). In basketball
athletes who played in infrastructure teams, we thought that rope skipping training for
pliometric exercise could improve strength and stabilization of upper extremity, agility

in lower extremity and jump to yacht parameters

Key Words: rope Jump , basketball, Agility, strength, balance, upper extremity, lower

extremity.
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OZET

Erdem, M. Basketbol oynayan adolesan sporcularda progresif ip atlama egitimi
sonras1 alt ve iist ekstremite fonksiyonlarimin Kkarsilastirilmasi. Yeditepe
Universitesi Saghk Bilimleri Enstitiisii, Spor Fizyoterapisi ABD, Master Tez.
istanbul (2019).

Bu ¢aligmanin amaci; basketbol oyuncularinin progresif ip atlama antrenman programi
sonrasinda alt ve iist ekstremite performans parametrelerini karsilastirmaktir. Calismaya
Galatasaray Spor Kuliibii’nde altyapida basketbol oynayan yas ortalamasi 14,71 yil olan
otuz yedi (N:37) sporcu dahil edilmistir. Calismanin ilk asamasinda sporcularin
demografik oOzellikleri, antrenman bilgileri ve oynadiklart pozisyon sorgulandi.
Sporcular randomize olarak, egitim grubu (n:19; K/E:6/13) ve kontrol grubu (n:18;
K/E;6/12) olmak tizere iki gruba ayrildi. Calismada tiim olgulara progresif ip atlama
egitimi dncesinde alt ve iist ekstremite performans testleri uygulandi. Ust ekstremite
kuvvet degerlendirmesi i¢in Seated Medicine Ball Throw (SMBT), Seated Shot Put Test
(SSPT) ve Closed Kinetic Chain Upper Extremity Stability Test (CKCUEST) ve denge
degerlendirmesi igin Y-Balance Test Upper Extremity (YBTUE) kullanildi. Horizontal
Jump (HJ) testi alt ekstremitenin degerlendirilmesinde kullanildi. Ayrica c¢alismada
ceviklik ve denge degerlendirmeleri Figure 8 Hop Test (Fig8) ve Y-Balance Test Lower
Extremity (YBTLE) testi kullanildi. Tiim olgular ilk degerlendirmeye alindiktan sonra
sezon ortast normal antrenman programlarmna devam ettiler. Egitim grubundaki
sporcular ise kontrol grubunda olan sporculardan farkli olarak sekiz hafta boyunca,
haftada ii¢ kez ip atlama programina alindi. Sekiz hafta sonunda tiim sporcular tekrar
SMBT, SSPT, CKCUEST, YBTUE, YBTLE, HJ ve Fig8 testleri ile degerlendirildi.
Egitim grubunda yapilan SSPT, CKCUE, Fig8 ve HJ testlerinde egitim grubundaki
sporcularda istatistiksel olarak olumlu yonde bir farklilik goriilmiistiir. (p<0,05). Denge
degerlendirmesi icin alt ve st ekstremiteye yonelik olarak yapilan Y-Balance
testlerinde iki grup arasinda istatiksel olarak anlamli bir farklilik yoktur (p>0,05).
Altyap1 takimlarinda oynayan basketbol sporcularinda pliometrik egzersiz amacl
verirken ip atlama egitiminin {ist ekstremitede kuvvet ve stabilizasyonu, alt ekstremitede

ceviklik ve yatay sigrama parametrelerinde gelisme saglayabildigini diisiindiildi.

Anahtar Kelimeler: ip atlama, basketbol, ¢eviklik, kuvvet, denge, alt ekstremite, {ist

ekstremite
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1. INTRODUCTION

Basketball is one of the most popular field games in the world, played with an
average of more than 450 million athletes in 213 countries at both competition and
recreation levels (1,2). Athletes playing in professional basketball leagues play on
average every 2.5 days in national and international competitions (2).

Basketball is considered to be predominantly anaerobic exercise involving
specific movements, including jumps (for rebounds, blocks and shots), sprint runs,
sudden acceleration / deceleration, and direction changes and high intensity activity
action (3,4). Sport performance in basketball is associated with anthropometric (height,
weight) and motoric skill (jump height, agility, strength) values (5). Compared to other
team sports, the duration of the contest and the small playing field and the necessity of
fast play are taken into consideration while the main motoric features such as strength,
speed, endurance, coordination and agility are at the forefront (3,6,7). In order for
athletes to have good running and jumping performances, upper and lower extremity
muscle strength force and sudden direction change capabilities should be good (8).
However, the players are often in contact with rival team athletes are exposed to
situations that disrupt their balance (8, 9). For this reason, basketball players need to be
able to control their body positions and maintain their balance well when jumping,
changing direction or contacting competing athletes (8, 9). In order to improve these
qualities and to improve performance, training programs suitable for the motoric
characteristics of the athlete are needed (7).

In the literature, pliometric exercises have been suggested to improve muscle
strength, explosive strength and agility in basketball players (10). Pliometric exercises
can help the muscles to be exposed more efficiently by providing eccentric contraction
in the muscle with the rapid, sudden change of direction and jump movements. So; It
also contributes to the storage of more energy in the concentric phase. Since pliometric
training is also performed rapidly, the exercises have neuromuscular adaptation effect
(11). In summary, pliometric exercises are designed to store elastic energy in muscle,
increase mechanical stimuli, and improve dynamic muscle performance and athletic
performance (12, 13, 14). Studies have shown that pre-season pliometric exercise
training, especially in the lower and upper extremities of young basketball players
improve coordination, but also improve muscle strength (8,15,16). Moran et al. In his

study in athletes between the ages of 10 and 18, it was reported that there was an
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increase in the jump values of the male athletes before and after the pliometric training
as a result of pliometric training (17,18). However, Asadi et al. found a decrease in
jump height scores in his study (18). However, the effect of pliometric training in
athletes has generally been examined on male athletes, and not much research has been
done on female athletes (18). Recently, Moran et al. reported in their study that
pliometric training increases the jump performance on female athletes between 8-18
years of age playing basketball (19). Bavli et al. In their study on 24 male athletes
playing basketball athletes in addition to in-season training pliometric exercise training
for 6 weeks found that increase in lower extremity muscle strength and jump
performance (20). In their study, Asadi et al. (2017) investigated the effects of age on
agility. They investigated the effect of age factor on the agility parameter after a
pliometric exercise program applied to 30 athletes for 7 weeks, 2 days a week, and
showed that there was a statistically positive difference in the agility values of younger
athletes (21).

It has been reported in the literature that rope skipping exercise is the most
suitable exercise to improve anaerobic capacity. In the studies, it has been tried to
explain the effects of skipping on performance and when the goal is to improve physical
performance parameters, it has been reported that rope skipping, which is an anaerobic
activity, is the most suitable choice (22, 23). it can be used for pre-training warm-up as
well as for improving agility (24), strength and anaerobic performance (25) parameters
(23). Rope jumping studies are effective in strengthening body coordination, general
athletic position and development of foot movements (23,25). One of the most
important features of skipping rope exercise is the muscle groups used in skipping rope.
Upper extremity muscle groups are used to hold the rope, rotate at a certain speed and
control the rope, and lower extremity muscle groups and hip muscles are used for
jumping (23). There are many studies investigating the effects of jump rope exercises
on the frequency of jump, contribution to training and physiological parameters (22). In
their study in Masterson and Brown, they divided the athletes into 3 groups: the weight-
skipping group, the core / pliometric group, and the only stretching group, and
evaluated the strength, jump and strength parameters of the subjects. After 10 weeks of
skipping training, wingate peak power test (anaerobic capacity), bench press and jump
parameters were significantly increased. Changes in the other two groups were not
significant (22). Trecroci et al. In 2015, they gave an 8-week skipping program to the

athletes. As the athletes continued their training during the season, a group also joined
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the jump rope exercise program. In addition, a significant increase in overall
coordination and balance parameters was observed in the group performing rope
skipping exercises in addition to the training program (26).

Duzgun et al. (2010), in their study with 24 adolescents playing volleyball,
evaluated shoulder isokinetic muscle strength in the 12-week rope training group.
showed significant increase in isokinetic muscle strength parameters (60 ° / s and 180 °
/ s) in this group. To the best of our knowledge, the number of studies on the effects of
rope skipping training in basketball players is limited. The effects of upper and lower
extremity strength, agility and balance parameters of skipping programs combined with
skipping training are not available in the literature.

In addition, according to the knowledge of the effect of this training program on
the strength, agility and balance parameters of the athletes who received the program
combined with pliometric exercises, there is no literature in our knowledge. Therefore,
the purpose of our study; The aim of this study was to compare the effects of
progressive skipping exercise on lower and upper extremity jump, balance and strength

parameters in adolescent athletes playing basketball.

The hypotheses of the study can be listed as follows.

Hypothesis 0: Progressive skipping training has an impact on the development of

upper extremity functions.

Hypothesis 1: Progressive skipping training has no effect on the development of

upper extremity functions.

Hypothesis 2: Progressive skipping training has an impact on the development of

lower extremity functions.

Hypothesis 3: Progressive skipping training has no effect on the development of

lower extremity functions.



2. GENERAL INFORMATION

2.1. Definition and History of Basketball

Basketball was introduced in 1891 by James Naismith, a physical education
teacher in Massachusetts, USA. When it occurs, the first goal is to train athletes and
baseball players in the gym. The match in the game is to pass the ball through a wooden
basket. The game is called basketball because it means basket ball.

The aim of both teams; to score points in the opponent's pot and to prevent the
opponent from scoring. Basketball is played with two teams and each team has 5
players. At the end of the match, the superior side wins the match (29).

The competition starts with a throw. One player from both teams participates in
the aerial throw. The ball must be bounced during the step. When the ball is held, no
step is taken, the game continues by passing. In the competition, a team has 24 seconds
to score. You must cross your own halffield within 8 seconds of this 24 seconds.
Otherwise, the right to attack passes to the other team. In the event that the regular time
of the match ends in a draw, the match is played for an additional 5 minutes until the
equality at the end of the match is broken (29).

The first basketball game was held on January 20, 1892 in Springfield,
Massachusetts. There are two teams in the game and a total of 18 players with 9 players
per team. The first game was played for only 30 minutes and the match was 1-0. Later
matches were played in New York, Philadelphia and Boston (30). The game then began
to spread to other countries. More people wanted to watch and play this game (30).
FIBA (International Basketball Federation) was founded on 18 June 1932 in Geneva,
Switzerland. When it was founded, Argentina, Italy, Switzerland, Romania, Greece,
Portugal, Czechoslovakia and Latvian Basketball Federations cooperated with FIBA
(29). For the first time in 1936, basketball was one of the games at the Berlin Olympics
(30). FIBA has been responsible for world basketball since its establishment. In the city
where the Olympics will be held, it meets every four years and makes the changes that

they deem necessary to make basketball a better game (29).



Figure 2.1. Drop ball of basketball

2.2. Physiology and Biomechanics of Basketball

Basketball sport includes skills that require athletes to move at high speed and
change direction under dynamic conditions. Therefore, athletes should have sufficient
strength, strength and agility in lower and upper extremity muscle groups (31). At the
same time, the endurance level of the athletes is also important in order to ensure
adequate performance during the competition (31).

In basketball games, the duration of a game lasts an average of 12-20 seconds,
but in a 48-minute match a player travels approximately 4500-5000 meters. In a study,
it was found that the average play of the players playing basketball in adolescent period
was 34.1% playing with the ball, 56.8% walking on foot, and 9% waiting (31, 32, 33).

Basketball athletes were defined in three basic game positions: guard, forward
and center according to their rules and tactics. For each of the three positions, the
playing fields were determined to play effectively. The tallest players, called centers,
play in the area close to the circle so that they can make the most of the score (Area A,
Figure 2). Athletes who play guard usually play in the area far from the circle as they

are responsible for bringing the ball to the opposing team's halfcourt and determining



the game plan to be played during the attack (Area B, Figure 2). Athletes who play in
the forward position usually play in the middle part of the attack zone in order to set up
the game plan on the offense and to get the balls rotating during the defense (Area C,
Figure 2) (34).

Figure 2.2. Places where athletes mainly play according to their positions

The main goal of each athlete in basketball is to score. To do so, the athlete may
shoot, turnstile or score a free throw. As the discipline of sports developed and the
number of athletic athletes increased, the defense performance of the athletes
developed. As a result, the athletes jumped more and started shooting and this shot
accounted for 70% of all shots during the match (35). The jumping shot is a complex
and technically challenging movement pattern in which the athletes stay in the air with
the ball (Figure 3). Accuracy of firing mechanics for successful shooting is not the only
determining factor but a combination of various factors (ball drop angle, drop angle and
drop height) (35,36). Shooting action can be influenced by several factors: distance to
the circle, position of the opponent's position, body posture at the time of the ball
release, other movements completed before the shot, weight and width of the ball, level
of expertise of the athlete, field of vision and physical characteristics of the athlete (37).



This movement should be automated with multiple repetitions, so that the shot can be
influenced to a minimum by external influences, allowing an efficient shot (35).

startinng beginaing end final
ot of the flight phase fight phosy of thw PHgOE phase landing

Figure 2.3. Movement Patterns When shooting, From Start Position To End Position

The mechanical process of changing the direction of a moving body is based on
Newton's classical laws of motion. The athlete must apply force to the ground to make a
change of direction and the side on which he wishes to move is in the opposite direction
to the direction in which he applies force (Figure 4). The more force the athlete initially
produces, the faster the direction change can take place. Therefore, an athlete who wants
to increase his agility will want to increase the lateral forces in the opposite direction to

the direction he wants to change direction (38).
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Figure 2.4. Motion Diagram During Shifting. A, When running forward on a flat
ground, the forces applied to the ground are perpendicular to the ground. B, Lateral and
vertical forces are generated during deflection on a flat surface. Horizontal forces are
transferred to the floor by traction between the shoe and the floor. C, Since the lateral
forces that will occur on a horizontal surface will be greater, the resultant force required
for deflection will be greater (38).

Basic Motoric Characteristics of Basketball Players

Basketball sport requires certain skills that can be completed when moving at
high speed and changing direction under dynamic conditions (31). Basketball is a team
sport based on repetitive transitions and movements between offense and defense.
Basketball matches are defined as low-medium intensity activities, but generally high
intensity activities. These activities vary in order of movement (sprint, jump, change
direction). The jump takes place approximately every minute in the basketball branch.
In addition, they frequently perform sprint and sudden direction changes in matches and
training sessions (39). Basketball athletes tend to have high strength, force and agility
skills while maintaining low fat percentages. In addition to these skills, the endurance
level of the athlete is also important during competition times (31).

Strength, force and agility are important determinants of basketball performance.
Lower extremity muscle strength was a preliminary data for the duration of the game,
and it was observed that the upper body muscle strength score enabled the sub-pot
movements to be performed successfully (31).

Research has shown that dynamic balance is associated with athletic
performance characteristics as part of coordination ability. The balance also protects
players from injury. The results showed that special balance training reduced knee and

hamstring injuries, ankle sprains, tendinopathies and rehabilitation after disability.
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Many lower extremity injuries have been shown to cause impaired balance during
descent after a jump (40).

There is a relationship between balance and basketball as basketball involves sudden
change of direction, sprinting, sudden stopping and physical contact. The importance of
assessing balance ability in basketball is related to injury frequency, sporting
performance and coordination ability. Therefore, considering the necessary motor skills
and balance definition related to high performance levels, dynamic balance has been
shown great importance in basketball (40). The distribution of motor skills in basketball

is as follows;

* 20% Speed; action and reaction time,

* 30% Durability; splashes and anaerobic Resistance,
* 15% Balance - coordination (Skill),

* 10% Flexibility,

* 25% Force; Special jump and firing force (41).

In general, in order to meet the demands of the game and to leave the competition,
basketball athletes should focus on improving strength, agility, balance and strength
performance and protecting them from disability by using short and intensive exercise

programs (31).
2.3. Performance

Performance can be defined as the action required to do a concrete job. Sportive
performance, on the other hand, is all the effort required to achieve success and achieve
the highest level of athletic duty in any sport branch. In a sense, during the competition,
it is a whole formed by the factors that will affect the result in a short period of time.
Therefore, it will be necessary to think of sporting performance as a combination of
athletic skills, athletic performance producing skills and quality “despite all positive and
negative factors (42).

Today, there are many psychic and physical mechanisms that influence athletes'
ability to produce athletic performance. Therefore, internal and external factors can

affect the performance of the athlete in a positive or negative way (43).



2.3.1. Internal Factors

When internal factors are mentioned, they are generally differentiated factors
that are present in the human being, partly inherited and with small changes over time.
Internal factors are almost non-existent. Many factors reach a more stable structure with
adolescence and become much more difficult to change (42). The age, sex, anatomical
structure, balance system, autonomic nervous system, glandular functions, intelligence,
state of the locomotor system, neuromuscular conduction rate, energy usage
mechanisms, cardiovascular structure of the individual are some of these internal factors
and these factors are difficult to be objective objectively. it is almost impossible to

calculate the positive and negative effects it will generate (43).

2.3.2. External Factors

These are factors that do not originate from the structure of the human body,
come from outside, and may indirectly affect sporting performance. We are able to
influence many of these external factors externally through physical and psychic ways.
Therefore, it can contribute to the increase of sporting performance by making a
positive effect on these factors (43). Temperature, material worn during the
competition, past disabilities, doping, time difference, negative words coming from
outside, leisure time methods, determined role models, quality of training, quantity,
flexibility, sleep order and quality of the athlete, rest between performance activities

range is one of the main external factors (42).

2.4. Some Factors Affecting Basketball Performance

Basketball; It is a sport that requires high endurance, speed, agility and strength
(44). The elite athletes cover a distance of approximately 991 meters in each
competition and are required to change their movement patterns in the match by 50-60
direction changes and 40-50 times the maximum level of jJump. These activities require
maximum effort for athletes. Basketball is a sport that includes sudden runs, changes of
direction, acceleration and different types of jumps, and as a game it is necessary to be
able to do them in ball and without ball. These features are required for activities with
the upper extremity (dribbling, different passes, shots). These features play an important
role in the technical and tactical structure of basketball (43).
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Today, there is an increase in physical competition due to the development and
change of rules and strategies in basketball. The basic physical characteristics of a
basketball player need to run faster than competitors, to have the strength and balance to
balance physical contact and rigidity in the game, to run faster and jump faster than
competitors and to make them less tiring during the competition (45).

Developing factors that change physical factors such as speed, endurance,
strength and agility have been included in training programs and have been recognized
as an important determinant of achieving sport superiority in most athletics, including
basketball (46).

2.4.1. Strenght

The most powerful of the basic motoric features in basketball is strength. The
concept of force has been expressed by many scientists in various definitions and
meaning. The concept of force, which is accepted as a motoric feature, can be defined as
resisting and dominating any different resistance that may occur in sports science (47).

Muscle strength development is supported as a combination of various
morphological and neural factors. However, mechanisms that increase muscle strength
can be considered multifaceted and may be affected by the athlete's initial strength,
exercise status and genetics (48).

Athlete's height, weight, characteristics, age, sex, muscle structure, body fat
percentage, lower and upper extremity length, muscle contraction rate, muscle fiber
layout, psychological life and stress factors such as factors affecting muscle strength
(47). Studies have shown that muscle strength decreases with age. According to the
results of isokinetic knee extension / flexion muscle strength test performed in different
age categories, a decrease in performance values regarding both strength and endurance
was observed. Strength value shows a faster decrease compared to durability (49).

Espenschade and Eckert, in their research on the strength development of men
between 9-24 years of age, 9-14 years of age in men between the period of a continuous
increase in muscle strength, 15-24 years of age, there is a decrease in the development
of strength and the highest level of muscle strength development in adolescence . The
muscle strength of a child during adolescence was found to be higher than the muscle

strength of a child who did not enter puberty at a young age (50).
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The maximum level of force generation in basketball in the shortest time has
been accepted as the basis for achieving high sports performance. Therefore, strength
training has been indispensable for pre-basketball training as it increases sporting

performance and reduces injury rate and provides high motivation for the athlete (51).

2.4.2. Speed

The ability of the athlete to transfer himself from one place to another at the
highest speed and sudden changes in the direction of basketball can be defined as the
fastest possible way (43). According to Gundlach, speed can be defined as bil
progression at the highest speed . Grosser, in a study, defined speed as the “ability to
react to the stimulus as soon as possible 52 (52).

Speed is one of the most important components in basketball. One of the most
important factors of success in all field sports is the short running speed (53).

Speed and quickness are two different terms. The difference between them is
related to the frequency of the movement. The higher the frequency of movement of the
athlete, the faster the athlete. In basketball, the difference between these two terms
should be as small as possible in order to make the opponent's defense difficult (42).
During the basketball game, the player must change suddenly, run forward for the
offense, run back for the defense and jump in order to get a rebound. In order for the
athlete to perform these activities at the right technical and right time during the match
and to obtain efficiency from the performance of the athlete, it is necessary to have a
good speed ability (43).

There are anatomical and physiological factors affecting speed. The size and
frequency of muscle contraction in the athlete is one of the most important
characteristics. Rapid stimulation of the musculoskeletal system results in a dynamic,
strong movement. This requires movement coordination. The realization of intra-
muscular and inter-muscular coordination makes it possible to perform in a coordinated
manner in the resulting movement (42).

Muscle contraction rates depend on the structure of the muscle fiber. Athletes
with Type 2 fibers, called white fibers, are faster. Excessive ATP-CP reserve leads to
maximal force. Speed depends on maximal muscle strength and muscle coordination
ability. Movement time can be reduced by increasing the maximal force value.

Flexibility allows the muscles to move over a wider range, which indirectly improves

12



the athlete's speed performance. The warm-up time before the competition positively
affects 20% (42).

2.4.3. Explosive Force

Explosive force; it is the maximum force required to be used to displace the
body or an object at the highest possible speed (54). As in most sports, basketball is an
explosive act of good performance. Anaerobic performance is of great importance in the
formation of explosive action in a short time with high intensity (55). The main purpose
of explosive strength training is to shorten the reaction time of the athlete and to make
the movement faster. Therefore, strength, speed and technical elements should not be
ignored when performing these training programs (52).

In explosive strength training, the muscle length increases and large contractions
occur. In addition, tension increases in the beam and explosive force is generated by
contractions in the form of stress-shortening. In the jumping activities when the muscle
Is stretched, there is more mobility than the movement in voluntary contractions. At the
same time as the beam tension increases, a stronger thrust occurs with nerve stimulation

in the concentric phase (54).

Explosive strength training;

* Can be organized into stations.

* Lighter or moderate weights should be chosen compared to other strength
training.

* Load intensity in training should be 40-60% intensity.

* Rest periods should be adjusted according to training intensity.

* For sets, 3 or 5 repeatable operations can be performed (52).

There are many factors that affect explosive force performance. Dawson et al.
(1998) showed that the magnitude of muscle strength during dynamic movements is
related to the sprint performance and the anaerobic performance capacity of the athlete.
It can be said that the explosive power created by knee extensors is an important factor
on anaerobic performance as muscle strength (55).

In another study, Ozkan and Sarol (2008) observed that there was an increase in
anaerobic performance and muscle strength values of the people engaged in

mountaineering sport due to the increase in muscle volume of the leg around the calf
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and thigh. This study shows that the muscles in the leg area, volume, cross-sectional
area and mass affect the explosive force that the muscle will generate (55).

In the evaluation tests for explosive strength, it was assumed that athletes with
high muscle fiber conduction velocity performed more successfully in the tests and

muscle fiber conduction velocity was better than isometric muscle strength (56).

2.4.4. Agility

Although there is no clear definition of agility, it can often be defined as an
athlete's ability to change direction effectively with the lowest possible loss of speed
and control. Within movement patterns involving agility, there is sudden deceleration,
shifting and sudden acceleration while providing horizontal and vertical postural control
(42, 57). Agility movements are used in basketball to get rid of the opposing player, to
defend the player during the defender, or to make sudden moves to the ball when he
wants to grab the ball (58).

Agility is a term commonly used in the field of strength and fitness and is
thought to be an important element on performance in many sports as in basketball (59).
There are many studies in the literature investigating the relationship with other
physical parameters that can be developed to improve agility. It is seen that these
studies are mainly investigating the relationship between lower extremity muscle
strength and strength and agility. Because, in many studies, it is known that pliometric
exercises improve lower extremity muscle strength and indirectly have a positive effect

on agility (57).
2.4.5. Flexibility

Flexibility; It is related to the geometry of joint surfaces, soft tissues around the
joint and joint capsule laxity. The joint can be defined as the maximum range of motion
that can occur in the joint (42).

Especially in competitive sports, the effect of warming on pre-competition speed
and power parameters during the warm-up period is an important issue and different
results have been observed in studies conducted on this subject in the world. Stretching
exercises were generally part of warming to increase range of motion and reduce the
risk of disability (60). Various studies have shown that it reduces the risk of disability

and provides a positive effect on performance (61). Flexibility; factors such as joint
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structure, joint type, age, sex, general body temperature, lack of muscle strength and
fatigue may affect (47). Recommended flexibility tests in basketball (42).

« Standing Lateral Flexion
* Quadriceps Flexibility Test
* Achilles Flexibility

* Flexibility of hip flexors

2.4.6. Balance

Balance is a general term that defines body posture dynamics to prevent falls
(62). At the same time, it is associated with physical factors such as running, walking,
turning, sitting and not falling down by processing environmental factors. In addition to
being a motor skill, balance is divided into static and dynamic balance (43).

All changes in balance are made by sensory receptors in the semicicular and
vestibular canals. This is why the sense of balance is different from other senses
(seeing, hearing, touching). The balance receptors in the inner ear, called the vestibular
system, are responsible for providing the static balance and dynamic balance system.
Static and dynamic equilibrium can be demonstrated between the limiting factors of
sporting performance (43).

The central nervous system is responsible for stability, postural control and
maintenance of balance. It works with the central nervous system, vestibular system,
somatosensor system and visual system to provide balance and postural control (63).

Static balance is the ability to hold the body in static balance or within the
support base (64). Static balance can be defined as ene the ability to provide support
base with minimum movement, and dynamic equilibrium can be defined as yerine
performing a task while maintaining the mobile state (65). Dynamic balance is
supported by surrounding structures as it is more difficult to achieve stability during the
transition from dynamic to static. Both static and dynamic balance require the
integration of visual, vestibular and proprioceptive inputs to produce a response that is
efferent to control the body within the support base. There are studies showing that
players should have the ability to pay attention to proprioceptive and visual stimuli in

order to have better balance ability (64).
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In basketball, athletes perform physical contact, such as jumping, fast dribbling,
box-out to defend the rival player, in order to receive sudden direction changes,
offensive and defensive rebounds. These activities consistently occur in a limited space
and high coordination, strength and balance are required to perform these movements
(66). Although a weak balance is seen as a risk factor for injury, few studies have been
conducted on this, and some studies have reported no association between balance and
disability risk. Therefore, the relationship between balance and lower extremity injury
risk could not be determined well (67).

Since balance and coordination are not fully developed in athletes for both
genders, it is important to include balance training in adolescent athletes. Some studies
have shown a positive relationship between balance training and balance-related test
parameters. Gandevia in a study that can increase proprioceptive feedback and balance
training can help to improve a better neuromuscular activation (66).

In a study by Behm and Colado, they observed an average increase of 31.4% in
performance tests in the summary of balance training studies measuring vertical jump,
shuttle running and other functional performances. Therefore, developing only the

balance without additional resistance training can improve explosive power (68).

2.5. Plyometric

2.5.1. Pliometric Definition

The term pliometric is an unknown word in terms of origin, although there is no
equivalent in the dictionary. It is thought to have come from the word “pleythyern”,
which means to “increase” in Greek, and it may also be derived from the word “plio”,
which means to “measure” in Greek (41).

Pliometric training is popular among people who perform dynamic sports and
includes exercise programs such as jump, sprint, sudden direction changes to improve
dynamic muscle performance. In pliometric exercises, muscles enter an elongation
phase rapidly after the stretching phase using the elastic energy stored during the
stretching phase (41). For this cycle, as in the countries of Norway, Italy and the Soviet
Union, the term Strech - Shortening Cycle (SSC), which means the Short Tension Cycle
(SSD), has been used in recent years (41). Physiologists prefer to use the term Strech -
Shortening Cycle (SSC) developed by Komi instead of the pliometric term, which
means the elongation of muscle length (69). As a synonym for this word; the terms

myotenic strech reflex, pre-stress loop or stress reflex can be seen in the literature (41).
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The aim of pliometric training is to increase the relationship between explosive
force and maximal force. Nowadays, pliometric exercises have a widespread use in
power generation and training methods to quickly use maximum muscle strength (69).
In addition to the many training methods available, pliometric exercises help to improve
the sports skill of the athlete (70).

2.5.2. Pliometric Trainings

Pliometric exercises are exercises parallel to the movement patterns used by
athletes in jump and sprint activities in competition and training. These exercises work
on the principle of short-tension cycle (SCC), which is the result of the muscle being
subjected to a rapid eccentric elongation before rapid contraction. The muscle is
actually stretched in its active state, and with the subsequent contraction, more force is
generated than the force it produces in the static position. In order for the muscle to
adapt to this cycle, exercises that provide more power production should be performed
in the athlete and in many studies, pliometric training has been shown to be effective in

increasing power generation and jump performance (71).

2.5.3. Physiological Characteristics of Pliometric Training

Pliometric exercises are a popular form of training used to improve athletic
performance (72). When exercise programming is done correctly, there are studies
showing that plyometric exercise has a positive effect on increasing muscle strength and
power production. This increased muscle strength production is best explained by the
mechanical and neurophysiological model. The function of each model can be
explained by the term Strech - Shortening Cycle (SCC) (70).

In the mechanical model, the elastic energy is stored quickly in the muscle after
a rapid stretching, and then energy is released with a concentric muscle movement.
Thus, an increase in the total force production is provided (70). This model significantly
increases the maximum force generation of the muscle junction in the shortest possible
time and can also be used as part of plyometric exercise (72).

This common model presents the function between the contractile structures and
the series and elastic components, the three mechanical components of the muscle-
tendon unit. The series of elastic component structures with primary effect on energy
production during plyometric exercise are mainly composed of tendons. When the

muscle-tendon unit is stretched, as in the eccentric contraction mechanism, the series of
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elastic components act as springs and the elastic energy is stored. If the concentric
muscle movement starts immediately after the eccentric contraction, the stored energy is
released. This contributes to the total force production of muscles and tendons (70).
Tendons and, to a lesser extent, muscles, bones and other tissues are predominantly
influenced by storage and energy release (73). After the eccentric contraction, if an
immediate concentric contraction does not occur, or if the eccentric phase lasts too long,
the stored energy dissipates as heat (70).

During muscle contraction, skipping rope is considered a kind of strain-
shortening cycle. Because the muscle groups in the thigh circumference and posterior
crulal region, rope shortening and lengthening during exercise (74).

Physiological investigations supporting the efficacy of pliometric exercises on
the SCC cycle on muscle tissue have been reviewed by many authors. Most researchers
point out the importance of two factors (72).

A series of elastic components including actin and myosin tendons that form
muscle fibers and cross-bridging properties. Proprioceptors that play a role in producing
sensory inputs with rapid muscle tension. The myotatic reflex responds to the stretching
rate of the muscle and is one of the fastest reflexes in the human body. This is due
directly to the sensory receptors in the muscle and spinal cord cells and muscle fibers
responsible for the action (72). Other reflexes are slower than myotatic reflexes, which
are stretch reflexes. This is because they do not transmit directly, but through different
channels. That is, before an action occurs, the stimulus must be transmitted to the

central nervous system via interneurons (54).

2.5.4. Stages of Pliometric Exercises

Two different naming can be used for the stages of pliometric exercise. While
some sources call these three phases as loading, binding and discharging phases, in

some studies they have been named as eccentric, amortization and concentric (70, 72).

Pliometric exercises consist of three phases. The first phase is the phase in which
the length of the muscle, known as the eccentric phase, grows rapidly. The second phase
comprises a short rest period. In the third phase, an explosive shortening occurs
concentrically in the muscle. The athlete completes this three-phase cycle as quickly as
possible and the goal is to reduce the time between eccentric and concentric contraction
(75).
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2.5.4.1. Eccentric Phase

The phase of pliometric movement, which includes a rapid muscle extension, is
called the eccentric phase. According to our definition, the eccentric phase of a
pliometric movement occurs when the primary moving muscle-tendon units and
synergist muscle groups are stretched as a result of joint-applied loading (72).

The eccentric phase is also defined as readiness, preloading, pre-setting,
preparation, counter-motion phase (70).

The eccentric phase of a pliometric activity allows for stretching of non-
contractile tissues with series elastic components and parallel elastic components.
Stimulation of the components of the muscle is often referred to as a neurophysiological
and biomechanical response. Many researchers have reported that the concentric
contraction after stretching will increase the strength. This stress stage affects the

magnitude of the stress, the speed of the stress and the duration of the stress (70).
2.5.4.2. Amortization Phase

It can be defined as the transition phase between the eccentric phase and the
concentric phase of a pliometric exercise. This phase is generally called the depreciation
phase (72).

Often this stage of pliometric exercises is also called electro-mechanical delay
phase. Because this stage is the time lag between the muscles to produce force
production, accelerate muscle contraction and pliometric movement (70). The longer
this period, the more the benefits of a short-tensioned cycle will be lost (72).

This phase should not exceed 25 milliseconds to prevent the dissipation of stored
energy as heat and to generate maximum force. The average time for this phase was
calculated as 23 milliseconds. For optimal performance, the duration of this phase can

be less than 15 milliseconds (72).
2.5.4.3. Concentric phase

This last stage of pliometric activity is called the concentric stage. It can also be
called recoil, push, shortening phase. It comes immediately after the amortization phase
and includes shortening of the muscle (72). This stage is the performance stage of the

obtained energy production (70).
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In order to complete the pliometric movement and release the force of the
muscle, these three phases must be realized (70).
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3. MATERIAL - METHOD
3.1. Individuals
The aim of this study was to investigate the effect of progressive skipping
training on lower and upper extremity functions in adolescent athletes playing
basketball at Galatasaray Sports Club. Thirty-seven athletes (25 male and 12 female)

who met the inclusion criteria were included in the study.
Inclusion criteria were;
* Not having any surgical operation in the last 6 months,

* Not having patellafemoral pain syndrome or Jumper’s Knee pathology
in the lower extremity and impingement syndrome in the upper

extremity,

* To be between the ages of 16-18,

» Have played basketball for at least 4 years.
Exclusion criteria were;

* Having serious orthopedic (Trauma, Over use injuries, etc.) and

systemic discomfort during exercise training program,
* Absence of 3 sessions or more in a 24-session training program.

Ethics committee approval was received by Yeditepe University Clinical
Research Ethics Committee on 27.03.2019 and written informed consent form was

obtained from all patients who accepted this study.

The study was completed with 37 athletes between the ages of 15-16. In the first
stage, 25 male athletes and 12 female athletes were randomly divided into two groups.
In the next stage, the training group that will perform in-season basketball training with
progressive jump rope exercise and the control group that will continue only basketball
training during the season were formed. The flowchart of the patients included in the

study is shown in Figure 3.1.
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Total Number of Athletes Involved
in the Study (n=37)

g

Number of Male Athletes
(n=25)

Male athletes randomly
separated (nG1=13, nG2=12)

I

Number of Female Athletes
(n=12)

Female athletes randomly
separated (nG1=6, nG2=6)

Progressive Rope Training and
Basketball Training Group
(nEG=19)

Control Group Only
Participating in Basketball
Training (nKG=18)

Number of Athletes
Completing the Training Group
(n=19)

Number of Athletes
Completing the Control Group
(n=18)

Figure 3.2. Flow Chart




3.2. Method

3.2.1. The work plan

Before starting the study, permission was obtained from the families of the
athletes (Appendix A) and an oral presentation was made to inform the athletes. In this
study, demographic information questionnaire, field tests and progressive jump rope

training program were explained to athletes.

Demographic data of the volunteer athletes were questioned and field tests were
evaluated (Annex B and Annex C). Then the athletes were given training on the correct

jump rope exercise.

After the evaluations, the athletes in the training group performed progressive
skipping exercise three times a week in addition to basketball training for 8 weeks. The

athletes in the control group continued their basketball training only during the season.

3.2.2. Evaluation

3.2.2.1. Evalation of Demographic Characteristics

The information such as name, surname, gender, age, height, body mass index,
disability history, club and position of the participants were recorded on the

“Demographic Characteristics” form
3.2.2.2. Evaluation of Physical Performance Parameters

Physical performance tests were classified under two headings as upper
extremity and lower extremity function tests.

3.2.2.2.1 Upper Extremity Function Tests

Seated Medicine Ball Throw

Open kinetic chain is a functional screening test. The aim is to evaluate bilateral
upper body strength and strength. The athletes are asked to sit on the floor with their
head, shoulders and back against the wall and stretch their legs. 90 kg shoulder
abduction and elbow flexed, 2 kg weight ball is held with both hands. A measuring tape
(tape measure) is placed on the ground and stretched over a distance of 10 m. The
athletes throw the weightball forward in a knee line, with full wall contact with the

head, shoulder and back. Three test shots are fired. A resting time of 1 minute is given
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between the test shots and the farthest distance to which the ball is thrown is noted in
centimeters (76).

Figure 3.3. Seated Medicine Ball Throw

Seated Shot Put Test

An open Kinetic chain functional screening test used to assess unilateral upper
body strength and strength. The athletes are asked to sit on the floor with their head,
shoulders and back against the wall and stretch their legs. Hold the 2 kg weight ball
with one hand and throw it as far forward as possible, with the shoulder in the neutral
position, adjacent to the wall and the elbow flexed. Three test shots are fired. A resting
time of 1 minute is given between sighting shots and the farthest distance to which the
ball is thrown is noted in centimeters. The test is repeated with the contralateral arm
(77).

Figure 3.4. Seated Shot Put Test
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Closed Kinetic Chain Upper Extremity Stability Test

The test starts in the push-up position for male athletes and in the modified push-
up position for female athletes. The distance between the arms was 91.5 cm. The aim is
to touch the shoulders with the opposite hand respectively for 15 seconds. Each athlete
was first told the test and allowed to try submaximally. The assessor will hold for 15
seconds and note the number of repetitions performed within 15 seconds. The test is
repeated three times and the score is written by taking the arithmetic average of the
results of the three tests (78).

Figure 3.5. Closed Kinetic Chain Upper Extremity Stability Test (CKCUEST)

Y-Balance Upper Extremity Test

The test was evaluated using rigid tape and tape measure. The Y-Balance Upper

Extremity Test is a closed kinetic chain functional screening test (79).

According to previously published articles, the Y-Balance Upper Extremity test
was first measured with the non-dominant side and then with the dominant side. The
athletes stand in a three-board position with feet wide, shoulder elbows, and hands on
the ground. The test hand is placed on the posture platform. In this position, the free
hand extends to the maximum point where it can extend in the lateral, inferomedial and
superomedial directions, and then returns to the starting position in a controlled manner.
Each rest interval was given for 30 seconds and three test runs were performed. The test
is repeated when the athlete breaks the starting position and makes a push to reach the
distance. The maximum distance it can reach is calculated and noted (80).
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3.2.2.2.2. Lower Extremity Function Tests

Figure 8 Hop Test

Training funnels were placed in an area of 5 meters to form the shape of 8. The
assessor keeps time with the stopwatch. The athlete draws eight around the funnels on
one leg, the stopwatch is stopped when the course is completed. The test is repeated
twice and the best score is noted (81).

Horizontal Jump

The starting point is specified. The athletes jump forward from the starting point
by taking maximum force with the pair of feet and fall evenly onto the pair of feet. The
test is repeated three times. 20 sec rest is given between each trial. After three attempts,
the farthest distance is noted in centimeters (82).
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Figure 3.8. Horizontal Jump
Y-Balance Lower Extremity Test

YBLET consists of a three-part test used to assess neuromuscular control to
predict lower extremity balance and lower extremity injury. Y-Balance Lower
Extremity Test, which is one of the balance tests for the lower extremities, was
evaluated using the Y Balance Test Kit (79).

The test was performed by examining the maximum reach of the free leg in the
anterior, posteromedial and posterolateral directions of the athlete. This procedure was
repeated after the athlete moved to the contralateral foot. According to the standardized
protocol, the trial was considered unsuccessful when the subject was unable to maintain
a posture on one foot, the free foot touched the floor, the hands were disengaged from
the hip, or the test kit was disrupted and the test was repeated. Three attempts were
made for each direction and the maximum reached distance was recorded at the end of
three attempts (83).

Figure 3.9. Y Balance Upper Extremity Test
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3.2.3. Training program

25 male and 12 female athletes playing in Galatasaray Sports Club Infrastructure
Teams participated in the study voluntarily. The athletes were randomly divided into
two groups. 13 male and 6 female athletes were selected for the first group and 12 male
and 6 female athletes were selected for the second group. After the evaluation of the
athletes, exercise program was started for the training group and no exercise program
was applied after the evaluation for the control group.

Training Period: 8 Weeks, 3 Sessions / Week, Total 24 Sessions

Session Duration: 10 minutes warm-up + skipping exercise (Duration will vary

according to set and repetition number.)
Phases:
Phase 1: Teaching correct skipping (1 week)

Phase 2: Progressive skipping exercise program (1-8 Weeks)

Table 3.1. Progressive skipping exercise program (27)

Week Number of Sets Exercise (Rope Jump / Rest Time)
1. 2 30 Second / 30 Second
2. 2 40 Second / 40 Second
3. 2 50 Second / 50 Second
4. 2 60 Second / 60 Second
5. 3 30 Second / 30 Second
6. 3 40 Second / 40 Second
7. 3 50 Second / 50 Second
8. 3 60 Second / 60 Second
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3.3. Statistical analysis

Data obtained from the athletes were analyzed using SPSS for IBM Version 21
statistical package program.

Wilcoxon Test was used to analyze pre- and post-training findings of the study
and control groups. The means of the variances are shown as arithmetic mean =+
standard deviation (mean + SD).

Mann - Whitney U Test was used to compare the differences between the study
and control groups before and after training. The means of the variances are shown as
arithmetic mean + standard deviation (mean = SD). In all statistics, p value of
significance was taken as p <0.05 and expressed as.
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4. RESULTS

4.1. Descriptive Data and Evaluation Results

The aim of this study was to investigate the effects of eight-week progressive
skipping exercises on lower and upper extremity functions of 37 athletes with a median
age of 14.56 + 0.55. The age, height, weight and BMI characteristics of the athletes in
the control group (CG) (n = 18) and the training group (EG) (n = 15) are shown in Table
4.1. There was no statistically significant difference between two groups in terms of age

and physical characteristics (height, body weight and BMI) (p> 0.05).

Table 4.1. Demographic Information of Training and Control Group Athletes

CG TG
Demographic
Information Mean+SD Mean+SD t p
Min - Max Min - Max
14,66+0,59 14,47+0,51
Age (years) (14-16) (14-15) 1,05 |0,29
. 1,88+0,10 1,84+0,93
Height (m) (1.66-2,03) (1.66-2,01) 1,06 | 0,29
. 74,83+10,46 70,23+10,41
Weight (kg) (57,5-93) (52-85,5) 1,33 | 0,18
Body Mass index (BMI) 2?@350 Z?i%j_czlé§6 1,08 | 0,28

Pre-intervention values in lower and upper extremity function tests between
groups Table 4.2, Table 4.3, Table 4.4. and Table 4.5. There was a statistically
significant difference between the two groups in terms of double-handed throwing ball,
right and left hand throwing ball, Fig8 Hop Test and upper extremity left superomedial
Y balance test values (p <0.05).
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Table 4.2. Upper extremity function tests between groups before trainig

Test CG TG
Mean+SD Mean+SD t p
Seated Medicine Ball 5.6441,09 4,9940,27 251 0,17
Throw (m)
Seated Shot Put Test | 4 971 o 4,36-0,38 2,49 0,17
(Sag) (m)
Seated Shot Put Test | 4 75, 75 4,25:0,33 2,47 0,18
(Sol) (m)
CKCUEST (sn) 41,66+6,00 41,00+4,76 0,37 0,71
Table 4.3. Upper extremity Y balance test values between groups before training
CG TG
Y-Balance Test
Mean+SD Mean+SD t p
Medial 91,55+7,57 93,5+9,21 -0,73 0,47
Right
(Dominant) | syperolateral | 82,44+8,14 82,0+8,84 0,15 0,87
(cm)
inferolateral 78,44+9,26 75,63+9,79 0,89 0,37
Medial 90,0+7,20 91,15+8,42 -0,45 0,65
Left
(Non
. Superolateral 82,6+£6,98 77,89+10,91 1,57 0,12
dominant)
(cm)
Inferolateral | 81,88+6,73 77,42+6,06 2,12 | 0,04
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Table 4.4. Lower extremity function tests between groups before training

Test CG TG
Mean+SD Mean+SD T P
Fig8 HOI(’S:)"“ Sag) | 5941055 6,28:0,74 1,55 0,13
Figs HofsnT)eSt (Sol) | 5 85:0,57 6,51:£0,60 3,35 0,02
Horizontal Jump 218,5+23 2 210,15+25,6 1,04 0,30
(cm)
Table 4.5. Lower extremity Y balance test values between groups before training
CG TG
Y-Baldgge Test Mean+SD Mean+SD t p
Anterior 76,27+6,43 79,47+6,90 -1,45 0,15
Right Postero
(Dominant) . 89,55+14,96 86,31+13,84 0,68 0,49
medial
(cm)
POSIero | ¢ 9411321 |  92,73+14.85 0,91 0,37
lateral
Anterior 79,55+6,60 79,89+5,80 -0,16 0,86
Left
(Non | Postero | o)33,11095 | 86,89+15,59 0,75 0,45
dominant) | medial
(cm)
POSIero | g3 0511435 |  96,05:16,65 058 | 056
lateral

The results of the lower and upper extremity function tests before and after the
progressive skipping exercise of the training group are shown in Table 4.6, Table 4.7,
Table 4.8, and Table 4.9. There was a statistically significant difference in left and right
hand throwing, Closed Kinetic Chain Upper Extremity Stability Test (CKCUEST), Y
balance test Inferolateral and Posterolateral direction, right and left Fig8 Hop test and

horizontal jump values of the athletes in the training group (p. <0.05).
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Table 4.6. Upper extremity function tests results before and

training group in pre-training assessment

after exercise of the

TG
Test Bre Sost )
Mean+SD Mean+SD P

Seated Medicine

Ball Throw (m) 4,99+0,27 5,22:£0,40 -2,85 0,05
Seated Shot Put

Test (Sag) (m) 4,36+0,38 4,66+0,48 -3,46 0,02
Seated Shot Put

CKCUEST (sn) 41,00+4,76 46,21+4,35 -3,83 0,00
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Table 4.7. Upper extremity Y balance test results before and after exercise of the
training group

TG
Y Balance Test Pre Post :
Mean+SD Mean+SD P
Medial 93,5+9,21 94,15+9,92 0,67 0,50
Sag
(Dominant) | syperolateral 82,0+8,84 78,36+12,27 -1,68 0,10
(cm)
inferolateral 75,63+9,79 78,63+7.47 -1,25 0,20
Medial 91,15+8,42 90,57+7,86 0,71 0,48
Sol
(Nontl(lom)mant) Superolateral | 77,89+10,91 78,68+11,01 1564 | 0,13
cm
inferolateral 93,5+9,21 79,57+6.81 3,52 0,02
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Table 4.8. Intra-group evaluation of the training group before and after exercise with

lower extremity function test results

TG
Test Pre Post ¢
Mean+SD Mean+SD P
Fig8 H"I(’S:)‘*St (Sag) 6,28+0,74 5,96+0,75 2,79 0,01
Fig8 Hol(osnT)eSt o 6 5110,60 6,0640,66 435 | 0,00
Ho”zo(g:ﬁ)' Jump 210,15:25,6 | 216,36+21,63 4,33 0,00

Table 4.9. Lower extremity Y balance test results before and after exercise of the

training group

TG
Y Balance Test Pre Post :
Mean=SD Mean=SD b
Anterior 79,47+6,90 80,84+6,62 1,68 | 0,10
Right
(DO(mm)amt) Posteromedial | 86,31+13,84 | 85,21+13,20 |-0,837 | 0,41
cm
Posterolateral 92,73+14,85 94,31+15,98 1,358 | 0,19
Anterior 80,42+5,54 90,57+7,86 -0,93 | 0,36
Left
(Non ]
(cm)
Posterolateral 96,05+16,65 98,89+17.26 3,25 | 0,04
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The results of the lower and upper extremity function tests of the control group

before and after progressive skipping exercise are shown in Table 4.10, Table 4.11,

Table 4.12, and Table 4.13. There was a statistically significant difference in right

superolateral, right inferolateral, left medial and inferolateral direction in the upper

extremity Y balance test and right posteromedial and left anterior direction values in the

CKCUEST test of the athletes in the training group (p<0.05).

Table 4.10. Intra-group evaluation results of control group before and after exercise and

upper extremity function tests

CG
Test Pro Sost )
Mean+SD Mean+SD P

Seated Medicine

Ball Throw (m) 28109 5,23+0,99 -2,85 0,05
Seated Shot Put

Test (Sag) (m) 4,971,00 4,88+0,87 0,02 0,98
Seated Shot Put

Test (Sol) (m) 4,72+0,75 4,710,86 0,02 0,97
CKCUEST (sn) 41,66+6,00 44,21+4.55 -3.28 0,01
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Table 4.11. Upper extremity Y balance test results before and after exercise of control

group
CG
Y Balance Test Pre Post .

Mean+SD Mean+SD P
Medial 91,55+7,57 90,94+7,75 -0,55 | 0,58

Right
(Dominant) Superolateral | 82,44+8,14 85,33+5,81 3,61 | 0,02

(cm)
inferolateral 78,44+9,26 82,38+8,99 -3,07 | 0,02
Medial 90,0+7,20 92,66+7,74 4,15 | 0,04

Left
(Nondominant) | syperolateral | 82,6+6,98 85,22+6,80 | -1,85 | 0,06

(cm)
Inferolateral 91,55+7,57 92,66+7,74 3,52 | 0,00

Table 4.12. Intra-group evaluation of the training group before and after exercise with

lower extremity function test results

CG
Test Pre Post t
Mean=SD Mean=SD P
Fig8 Ho?sr’:“)est (Sag) 5.94+0,55 5,93+0,63 -0,33 0,73
Fig8 Ho(psnT)ESt (Soh | 5854057 5,83+0,51 -0,73 0,47
Horizontal Jump 218,5+23 2 217,16+21,09 -0,56 0,57

(cm)
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Table 4.13. Lower extremity Y balance test results before and after exercise of control

group
CG
Y Balance Test Pre Post :
Mean+SD Mean+SD P
Anterior 76,27+6,43 77,88+6,33 3,18 0,05
Right
(Dominant) | posteromedial | 89,55+14,96 | 90,61+14,87 | 2,49 | 0,02
(cm)
Posterolateral 96,94+13,21 96,72+10,17 -0,14 0,88
Anterior 79,55+6,60 83,88+6,76 4,30 0,00
Left
(Nontl(lom)mant) Posteromedial | 90,33+11,95 | 90,61+10,41 | -0,52 | 0,60
cm
Posterolateral 76,27+6,43 95,22+11.25 1,47 0,74

The comparison of lower and upper extremity function tests are shown in Table
4.14, Table 4.15, Table 4.16 and Table 4.17. While the results of the athletes in the
training group increased with double handed ball throwing, right-handed weight
throwing, Fig8 Hop test, horizontal jump and CKCUEST tests compared to the results
of the athletes in the control group (p <0.05), training of left hand throwing and Y
balance tests were compared. There was no statistically significant difference in favor of

the group.
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Tablo 4.14. Comparison of differences in upper extremity function tests before and

after exercise program

CG TG
Test
Mean+SD Mean+SD t P

ASeated Medicine

Ball Throw (m) | 040+0:83 0,23+0,31 -3,09 0,00
ASeated Shot Put

Test (Sag) (m) -0,09+0,74 0,30+0,35 -2,09 0,04
ASeated Shot Put

Test (Sol) (m) -0,00+0,67 0,30+0,29 -1,80 0,08
ACKCUEST (sn) 2,3842.35 5,2143,44 -2.89 0,00

Tablo 4.15. Comparison of the difference between the upper extremity Y balance test

before and after the exercise program

CG TG
Y B Ta Mean£SD Mean£SD u ] P
Medial -0,61+4,67 -0,57+3,73 -0,85 | 0,40
ARight
(Dominant) | Superolateral 2,88+3,39 -3,63+9,39 2,77 | 0,00
(cm)
Inferolateral 3,94+4,58 3,00+9,45 -0,38 | 0,70
Medial 2,66+2,72 -0,57+£3,51 3,14 | 0,00
ALeft
(Non -
) Superolateral 2,61+6,39 0,78+2,20 1,17 | 0,24
dominant)
(cm)
Inferolateral 3,16+2,99 21542 67 1,07 | 0,28
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Tablo 4.16. Comparison of the difference between lower and lower extremity function

tests before and after exercise program

Test CG TG
Mean+SD Mean+SD u P
AFig8 Hop Test -0,0140,15 -0,3140,49 2.49 0,01
(Sag) (sn)
AFig8 Hop Test i
Sob ) 0,02+0,14 0,44-0,44 3,18 0,00
AHO”Z?C';;‘;" Jump 4 3841038 6,2146.25 267 0,01

Tablo 4.17. Comparison of the difference between the lower extremity Y balance test

before and after the exercise program

CG TG
paoalangglest Mean+SD Mean+SD u p
Anterior 1,61+£2,14 1,36+3,53 0,25 | 0,80
ARight
(Dominant) | Posteromedial 1,05+1,79 -1,10+5,75 152 | 0,13
(cm)
Posterolateral -0,22+6,44 0,52+2,45 -0,94 | 0,35
Anterior 4,33+4,27 0,52+2,45 3,30 | 0,03
AlLeft
(Non— | posteromedial | 2.6126.39 078220 | 1,17 | 0,24
dominant) ’ ’ ’ ’ ’ ’
(cm)
Posterolateral 2,16+6,22 2,84+3,80 -0,39 | 0,69
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5. DISCUSSION

In this study, adolescent basketball players' explosive, balance, agility capacities
for lower extremity functions after 8 weeks of progressive skipping exercise; The
changes in strength and balance capacities for upper extremity functions before and
after training were investigated. After progressive skipping training, there were
significant differences in strength and agility for lower extremity and strength values for
upper extremity in the training group. In the Y-Balance balance evaluation for both
extremities, there were no significant differences in the values of superolateral and left
side medial direction for the upper extremity and medial direction for the left extremity
and only the anterior direction for the lower extremity.

The study was conducted with a total of 37 volunteer basketball athletes (15 girls
and 25 boys). There were no significant differences in physical characteristics (height,
body weight and body mass index) parameters of training and control group before and
after training.

In our study, after 8 weeks of progressive skipping exercise program,
statistically significant differences were found between two handed ball throwing, right
/ left single hand throwing, CKCUEST, right / left Fig8 Hop test and horizontal jump
values before and after the training group.

Many studies in the literature have suggested that skipping and pliometric
exercises are effective on performance development (22, 24, 25, 26, 27, 31). Sahin, in
2017 in his study of the effect of different speeds of jump rope exercise on vertical jump
and anaerobic force in women athletes. The athletes were divided into two groups: slow
jumping (n: 10) and fast jumping (n: 10). While there was no statistically significant
difference in vertical jump values in slow jump group, vertical jump values were
statistically significant in fast jump group (p<0.05) (22).

Agar (2006), in his study on 29 male athletes in the 9-11 age range investigated
the effect of vertical jJump jump and interval running training. The athletes were divided
into three groups as rope jumping group (n: 10), interval jogging group (n: 10) and
control group (n: 9). The athletes who applied the training programs 3 days a week were
re-evaluated at the end of 6 weeks. While there was a statistically significant difference
in vertical jump values in the skipping rope group, no statistically significant difference
was found on the vertical jump value in the group running interval running training

(24).
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Orhan et al. (2008) investigated the effect of vertical and horizontal jump
strength, two-handed ball throwing and right / left one-handed ball throwing tests on 39
male athletes aged 17-19 years. Athletes were divided into two groups as rope jumping
group (n: 12) and predominantly rope jumping group (n: 12). The athletes were asked to
do jump rope exercises for 3 weeks and 8 weeks. They observed that there was a
statistically significant difference in horizontal / vertical jump, two-hand medicine ball
throwing and right / left single-handed ball throwing tests in rope skipping exercise at
the end of 8 weeks, but the increase in weighted rope athletes was higher in these values
(25). In our study, this study, which was conducted according to the results of double
hand medicine ball throwing test, right / left single hand medicine ball throwing and
horizontal leap, supports our study.

Trecroci et al. (2015), 24 adolescent footballers in their study on the effects of
jump rope exercise on balance and agility in athletes. They found a significant
difference in agility and Y balance test values after 8 weeks, 2 days a week, 15 minutes
rope exercise. In our study we found a statistically significant difference in agility
values (p <0.05), but we did not find a statistically significant difference in terms of Y
balance test. Although the study by Trecroci et al. supports our study in terms of agility
assessment, different results were found in terms of Y balance test evaluation applied to
the lower extremity compared to our study (26).

In the study of Duzgun et al. (2010) investigated the effects of rope skipping
exercise on isokinetic muscle strength in their study on 24 volleyball athletes aged 13-
16 years. The athletes were divided into 3 groups as rope jumping group (n: 9),
weighted rope jumping group (n: 8) and control group (n: 8). The athletes were
evaluated in both empty-can and full-can positions at 60 ° / s and 180 ° / s after 12
weeks of skipping exercise program and it was shown that there was a statistically
significant difference in full-can position at only 180 ° /s (27).

In the studies conducted in the literature, weight ball throwing in upper
extremity, closed Kinetic stabilization test and increase in Y-Balance values in the lower
extremity in the control group, the athletes should be trained during the season and to
maintain individual performance values, leap, agility, strength exercises in basketball-
specific technical training. and to prevent injury, training and pre-match balance studies
can be said to be effective in the evaluation criteria. With the idea that basketball-
specific activities performed by coaches in different clubs and the exercises to prevent
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disability were different, the number of people was kept small and work was conducted
in a single club.

Limitations of our study;

«  After the progressive skipping training, the results of the training and control
group did not differ in the Closed Kinetic Chain Upper Extremity (CKCUET)
test for upper extremity stabilization assessment.

« Asaresult of statistical analyzes performed before progressive skipping training,
upper extremity Y balance test was not similar between the groups in the
inferolateral direction and Figure 8 Hop Test left extremity parameter.

» Since the basketball training program implemented by different coaches of

different clubs will affect the work, the number of players was kept very low.
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6. CONCLUSIONS AND RECOMMENDATIONS

The study was carried out with a total of 37 athletes (25 male, 12 female) to
investigate the effect of progressive skipping exercise program on lower and upper
extremity functions. The athletes were taken to the jump rope exercise program three

times a week for eight weeks before the training.

The results of the study are as follows;

1. The Seated Medicine Ball Throw, Seated Shot Put Test (Right) and Closed
Kinetic Stabilization Tests for upper extremity muscle strength showed more

improvement in the education group compared to the control group.

2. In the Y-Balance balance test used for upper extremity balance assessment, a
statistically significant difference was found in the evaluation of the right extremity

superolateral and the left extremity in the training group compared to the control group.

3. In the Y-Balance balance test used for the evaluation of the lower extremity
balance, a statistically significant difference was found in the evaluation of the left

extremity in the anterior direction compared to the control group in the training group.

4. In the Figure 8 Hop Test, which we used for agility assessment of the lower
extremities, there was more improvement in the right and left extremities in the training

group than in the control group.

5. In the Horizontal Jump test for lower extremity explosive force assessment,

more improvement was observed in the training group compared to the control group.

Nowadays, training techniques and improvements in physical fitness parameters
increase the performance of athletes and increase its importance in sports world.
Emphasizing that progressive skipping training increases strength, agility and explosive

strength on basketball athletes, this study can be added to training programs applied to
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athletes to maintain performance during pre-season preparation and mid-season, and can

bring a new perspective to training schemes for performance improvement.
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APPENDIX A

Arastirma Amach Caliyma igin Aydimlanlmg Onsm Formu
Flizyoterapistin Aqlklamas

Bu galizma basketbol oyunculannda ileleyicl ip slama egrersizierinin sporculann egzersiz
somras, all ve st ckstremite fonksiyvonlannim karplaghinlmass amaciyla vepalscakure. Elde
edilen verilzrle haskethol sporculanma ve onlann rehabllitasyonlarma katks saglonacak, bu
alanda calizm profesyonellen: ve dgrencilens yol glhistenci olacakir.

Arestirmasin 1smi S Basketbo] oynayan sdolesan afleflerde progresif ip atlama efitimi sonras:
alt we st sliemiie fooksivonlanmin  karplastinlmasi®die. Sizin de ebeveyn olamk
cocupgurzun bu cahymaya kailmasing izin vermenizi Sneriyoruz. Ancak hemen shivlevelim
ki bu arastrmeya katilmalanma izin verp vermémekie serbestsinlz. Caligmaya katibm
gindllalik esssma dayamr. Esranmezdan dnce arsgtmma haklandn sizi balgilendinmek
stivoruz. Bu bilgileri okuyup anladikion sonra aragtrmaya katdmalanina izin verirseniz forms
imznlaymz, Amgtrmaya davet edilmeaizin sebebi gocufumnuzun yidigeng basketbol
takammda oyvewvor olmamcdr. Cahgma Galatasaray Spor Kolfbd Flesya Metin Okiny
Tesislerinde yaplacakbr. Efer gocofuruzun aragtmmayn ketlmesm kabul edersendz,
cocefuniz Fei. bdurat Brdem torafindan fizyoterapd defedendirme programuna almacskir,
Degerlendimme  kaytlanmz  kimliginiz  belifilmeden  saghk  alanmdn  Bfrenim  géren
dfrencilerin efitiminde veya bilimsel nitelikte yaynlands kullamlabilic. Busn diginda b
kmwitlar kullamimayacak ve bagkalanma werilneyecektit,. Bu caligmay yapabilmek icin
gocufumuzun Gst cksiremite we alt ckstremite kuwwet dested ve denge  testlerinin
degerlendirilmesi voplacakir, Aynea gocufusnzg bory-kile-spar yageadet glime yaquloz
ige)-meskiiel we yaralarma gepmigi de sorgulnnacesknr B degedendirmaler apnrealarm hangi
witewt fonksivomanda zayillik olduguno snlamamizda ve o fonksiyona katky saflamemuzda yol
phigteriel elacakur. Dalsa sonrs & hafta sliresinee sporcular kaflada 3 gim antrenman Gncesi 10-
) dakikn boyunes ip atlama egeersiz efitiml girecekiir, Egrersizlerin giddeti ber seans
sporcwlanm wygunlak kapasitesine pice arbig ghstererek derleyzc bir program uygulanacakir,
Efiitim slreci bittikten sonrn deferlendirmeler epzessiz effitiminin etkinligini anlamak
apzmncan tekrar vapilacaktir, Bu galgme ile smaomez heoils kas iskelet sistemi gelizimin
tamamlamayan ve gofunlukla dofru sportif tekmigi clusturamayan genp  sporculanda
varalanma sikligin azaltnsak ve dahil olduklan baskethol sporu gin gerekli altyapn
knzandirmak ve kuvvetlendirmektiz. Sporcubar deferdendinneler ssnasinda heshangi bir &fn
veva act hissetmeyecekiir, Bu galimaya ketlmamz dgn sisden herhangl bir feret
istenmeyecckiir, Cahgmaya kabldfmaz win size ek bir 8deme de yapilmeryneakir,

Deferlendirmeler sraxmde olnyabilecek riskler:

Cahgma kapsaminda vapilacak olan degerlendirmeler herhang bir risk ipermemekiedir,
Cahsmamn deverm simsinda agefa kabilecek serun ve riskler size dletilecektir, Argtinna
esnasinda porebileceginiz olasy bir zarardn bunun sorumlulufu alinscsk ve giderilmesi igin
beer tiirHd trbhi mibdnbale yamlacakir, Bu keaodaki tlm harcamnlar istlenilecekiis.

Bu galigmayn gorufumunm kablmasim reddedebilissiniz. Bu amgtrmays kehilmak tamamen
igiege baglidic we reddetiifiniz takdirde gocufunuzm antrecmian prograsinda heshangi bir
degigiklik olmmyacaktir. ¥me ¢aligmanin hothang] bir agamasinda onayimz gekmek hakkons
da sakipeiniz. Buna ragmen gekilme talebinizi zameamanda bildinmeniz wygun olur.
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Ebeveynin Beyam

Sayin Fzt. Murat Erdem tarafindan adolesan baskebol oyunculannda ilerleyici ip atlama
egzersiz efiitiminin all ve st ekstremite fonksiyonlanna etkisinin amgtinimas: igin ubbi bir
araguurma yapilaca@h belirtilerek, bu aragtrma ile ilgili yukandaki bilgiler bana aktanld. Bu
bilgilerden sonra velisi oldufum gocugum bdyle bir amgtimaya * kathmea" olarak davet
edildi.

Eger ¢ocufumun bu amgtrmays katlmasina izn verisem, bu aragrma  sirasinda
fizyoterapistin gocuguma ait bilgilerin gizliligine bayok bir dzen ve sty ike yaklagilacafma
inmuyorum, Aragtima sonuglannim efitim ve bilimsel amaglarda Xullanum sirasinda kigisel
bilgilerimin ibtimamla korunacafs kenusunda bana yeterli glven verildi. Caligmann
yiriitiilmesi sirasinda herhangi bir sebep gistermeden cocufumu aragurmadan gekebilirim
(Ancak avastemactare zor durumdae buatmamak fcin arastirmadan cekilecegimi dnceden
bildirmemin wygun olacaginm MWilncindeyim). Aynca cocugumun spoetif duramuna berhang
bir zarar verilmemesi koguluyla aragtirmacy tarafindan amagtirma digt tutulabilirim. Araglirnma
igin yaplacak harcamalarla ilfili herhengi bir parasal socumluluk altma girmiyorum. Bana da
bir ddeme yapiimayacaktir. Ister dodrudan, ister dolayh olsun amghrma uygulamasindan
kaynaklanan nedenkerle gocuumda meydana gelebilecek hechangi bir saghk sorununun
ortaya ¢ikmass halinde, her tGrlG ubbi midahalenin saglanacag@i konusunda gerekli glivence
verildi (bu ubbi madahalelerle ilgili olarak da parasal bir yilk altna glrmeyecegim). Arastima
sirasinda gocuffum bir mEhk sorune ile kaeploggindo; 24 oast boywunea herhangi bir saatie,
Fzt. Murat ERDEM'i 05364842006 no'lu telefondan arayabilecegimi biliyorum.

Bu srsgurmaya gocufumun ketlmasina izin vermek zorunda degilim ve katnlmasina izin
vermeyebilifim, Aragtirmaya kanlmass konusunda zorlayica bir davramgla  kargilagmug
degilim. Eger katlmssm reddedersem, ba durumum gocufumun akindaki durumuann veya
fizyoterapist ile olan iligkisine berhang: bir zarar getirmeyocegini de biliyorum. Bana yapilan
tim agiklamalas aynntilanyla anlamig bulunmaktayym. Kendi bagema belli bir diglome
siirest sonunda adi gegen bu aragtimada ebeveym oldufum gocugumun "kablime"' (denek)
olarak yer almast karanm aldim, Bu konuda yaplan daveti biyik bir mempuniyet ve
gontillalik igerisinde kabul ediyorum. Imzali bu form kagidinin bir kopyas: bana verilecektir.

Kattlimes Velisi
Ady, soyadi:
Adres:

Tek:

Irmza:

Katihmea ibe giriisen fzyoterapist

Adi sayadi: Fzi. Murat ERDEM (24 Saat ulagilabilecek kigi)

Adres: Deli Hisevin Pasitaddesi Huzur Apt. No:55/10 Babgelievier Istanbul
Tel: DS364842006

Imza:
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APPENDIX B

Basketbal Oywnayan Adalasan Atletierde Progresi |p Atlama ESim Soncas Dot we At Extremite
Fandcsiyonlanmn Karglagnnimas

DEMODGRAR K GTELLIKLER

Al

SOYADI:

DGR TARTHI:

BDOY: WK
ki

REGL TaziH [K):

DOMIRANT TAREF:

AYAKKAS] NUNARAS:

HAL SEMEDIR BASKETBOL OYMUYDRT |
OYNADYSI EULDP:

OYNADRE POZISYON:

HAFTADA KAC SAAT iDNUAN YAPITORSUNUZ? &

D5 -- DHS-ETI PROBLEMLERT (S0 2 YIL):
DeHa OCE BiR SAKATLIR SECIRILAAIS BIR SAEATLIK VAR M7
EVET |5E;

NE ZARAAN:

HEREDE SAKATLANDI (I D0AN, AMTRENIMAN |
SAHATLIE OVHARARNS EMGEL OLDU RAUY

CADUYSA WAL GNT |
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&lp Ekgrramite Fonbsiyonlenmn degerlendirilmesi

Ik Degerlendirma

Anterior [Sag)
¥-Balance Test Lower Quarior Fosierchiadial [Sagh
Popterolataral [Sagh
Arbariar 5ol
| -Balarce Test Lowes CQuarter Fasterchedial {5cd)
FosteroLateral |Sod)
. g
Figure 8 Hop Test =al
Horizecital lumg [#n)
Son Deberiendirme
Artterior {Saf] B |
WaBalanoe Test Lowesr Guarter Posberofdedial (5ag)
PosteroLaberai (Sag)
o Artesior (Sal)
Y.Balanoe Test Loweer Guarier PrsteraMedial (5alh
PoasberaLaberad (5%al)
Figure 8 Hog Test Sag
Sed
Horizamal lump {m|
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APPENDIX C

(st Ekstremibe Fonksigandannn Deperlendidemesi
B B I Degerlencirme
Seated Miedicing Ball Throw
Saf
Seated Shot Pul tegs el
Clasad Kinetic Chaln Upper Estramity Stakility Te
Lateral {Sag;
¥-Balance Upper Extremity Inleraredial [3a8)
Inferotatesal (Sag]
Latered |56l)
‘¥-Balance Upper Extramity irferamedial {5ei] -
Inferolateral [5ol]
320 Degerd ersdirime
Seatad Medidne Lall Throw 1
Sented Shat Put test saf —
Sal
Closed Kimetic Chain Upper Extremidty Stahbility Test
Lateral (Sa8]
W-Ralanoe Upper Exiramity Infaromedial {5ag)
Inferolateral {Sag)
| Lateral (5al}
¥-Balanoe Uppser Extramity Inferomedial [3alk
Inberalatersl {5al
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&lp Ekgrramite Fonbsiyonlenmn degerlendirilmesi

Ik Degerlendirma

Anterior [Sag)
¥-Balance Test Lower Quarior Fosierchiadial [Sagh
Popterolataral [Sagh
Arbariar 5ol
| -Balarce Test Lowes CQuarter Fasterchedial {5cd)
FosteroLateral |Sod)
. g
Figure 8 Hop Test =al
Horizecital lumg [#n)
Son Deberiendirme
Artterior {Saf] B |
WaBalanoe Test Lowesr Guarter Posberofdedial (5ag)
PosteroLaberai (Sag)
o Artesior (Sal)
Y.Balanoe Test Loweer Guarier PrsteraMedial (5alh
PoasberaLaberad (5%al)
Figure 8 Hog Test Sag
Sed
Horizamal lump {m|
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