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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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ÖZET 

Erdem, M. Basketbol oynayan adolesan sporcularda progresif ip atlama eğitimi 

sonrası alt ve üst ekstremite fonksiyonlarının karşılaştırılması. Yeditepe 

Üniversitesi Sağlık Bilimleri Enstitüsü, Spor Fizyoterapisi ABD, Master Tez. 

İstanbul (2019). 

Bu çalışmanın amacı; basketbol oyuncularının progresif ip atlama antrenman programı 

sonrasında alt ve üst ekstremite performans parametrelerini karşılaştırmaktır. Çalışmaya 

Galatasaray Spor Kulübü’nde altyapıda basketbol oynayan yaş ortalaması 14,71 yıl olan 

otuz yedi (N:37) sporcu dahil edilmiştir. Çalışmanın ilk aşamasında sporcuların 

demografik özellikleri, antrenman bilgileri ve oynadıkları pozisyon sorgulandı. 

Sporcular randomize olarak, eğitim grubu (n:19; K/E:6/13) ve kontrol grubu (n:18; 

K/E;6/12) olmak üzere iki gruba ayrıldı. Çalışmada tüm olgulara progresif ip atlama 

eğitimi öncesinde alt ve üst ekstremite performans testleri uygulandı. Üst ekstremite 

kuvvet değerlendirmesi için Seated Medicine Ball Throw (SMBT), Seated Shot Put Test 

(SSPT) ve Closed Kinetic Chain Upper Extremity Stability Test (CKCUEST) ve denge 

değerlendirmesi için Y-Balance Test Upper Extremity (YBTUE) kullanıldı. Horizontal 

Jump (HJ) testi alt ekstremitenin değerlendirilmesinde kullanıldı. Ayrıca çalışmada 

çeviklik ve denge değerlendirmeleri Figure 8 Hop Test (Fig8) ve Y-Balance Test Lower 

Extremity (YBTLE) testi kullanıldı. Tüm olgular ilk değerlendirmeye alındıktan sonra 

sezon ortası normal antrenman programlarına devam ettiler.  Eğitim grubundaki 

sporcular ise kontrol grubunda olan sporculardan farklı olarak sekiz hafta boyunca, 

haftada üç kez ip atlama programına alındı. Sekiz hafta sonunda tüm sporcular tekrar 

SMBT, SSPT, CKCUEST, YBTUE, YBTLE, HJ ve Fig8 testleri ile değerlendirildi. 

Eğitim grubunda yapılan SSPT, CKCUE, Fig8 ve HJ testlerinde eğitim grubundaki 

sporcularda istatistiksel olarak olumlu yönde bir farklılık görülmüştür. (p≤0,05). Denge 

değerlendirmesi için alt ve üst ekstremiteye yönelik olarak yapılan Y-Balance 

testlerinde iki grup arasında istatiksel olarak anlamlı bir farklılık yoktur (p>0,05). 

Altyapı takımlarında oynayan basketbol sporcularında pliometrik egzersiz amaçlı 

verirken ip atlama eğitiminin üst ekstremitede kuvvet ve stabilizasyonu, alt ekstremitede 

çeviklik ve yatay sıçrama parametrelerinde gelişme sağlayabildiğini düşündüldü. 

Anahtar Kelimeler:  ip atlama, basketbol, çeviklik, kuvvet, denge, alt ekstremite, üst 

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. 
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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). 
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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 
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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). 
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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). 

 

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). 
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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 jump. 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 
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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, Özkan 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 



14 

 

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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Figure 3.2. Flow Chart 

Total Number of Athletes Involved 

in the Study (n=37) 

Number of Male Athletes 

(n=25) 

Number of Female Athletes 

(n=12) 

Male athletes randomly 

separated (nG1=13, nG2=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) 
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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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Figure 3.6. Y-Balance Upper Extremity Test 

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). 

Figure 3.7. Figure 8 Hop Test 

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 

Demographic 

Information 

CG TG  

Mean±SD          

Min - Max 

Mean±SD          

Min - Max 
t P 

Age (years) 
14,66±0,59 

(14-16) 

14,47±0,51 

(14-15) 
1,05 0,29 

Height (m) 
1,88±0,10 

(1,66-2,03) 

1,84±0,93 

(1,66-2,01) 
1,06 0,29 

Weight (kg) 
74,83±10,46 

(57,5-93) 

70,23±10,41 

(52-85,5) 
1,33 0,18 

Body Mass İndex (BMİ) 
20,5±1,20 

(19-22) 

20,0±1,56 

(18-23) 
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 

Throw (m) 

 

5,64±1,09 

 

 

4,99±0,27 

 

2,51 0,17 

Seated Shot Put Test 

(Sağ) (m) 

 

4,97±1,00 

 

 

4,36±0,38 

 

2,49 0,17 

Seated Shot Put Test 

(Sol) (m) 

 

4,72±0,75 

 

 

4,25±0,33 

 

2,47 0,18 

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 

Y-Balance Test 
CG TG 

 

Mean±SD Mean±SD t p 

Right 

(Dominant) 

(cm) 

Medial 

 

91,55±7,57 

 

 

93,5±9,21 

 

-0,73 0,47 

Superolateral 

 

82,44±8,14 

 

 

82,0±8,84 

 

0,15 0,87 

İnferolateral 

 

78,44±9,26 

 

 

75,63±9,79 

 

0,89 0,37 

Left 

(Non 

dominant)  

(cm) 

Medial 

 

90,0±7,20 

 

 

91,15±8,42 

 

-0,45 0,65 

Superolateral 

 

82,6±6,98 

 

 

77,89±10,91 

 

1,57 0,12 

İnferolateral 

 

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 Hop Test (Sağ) 

(sn) 

 

5,94±0,55 

 

 

6,28±0,74 

 

-1,55 0,13 

Fig8 Hop Test (Sol) 

(sn) 

 

5,85±0,57 

 

 

6,51±0,60 

 

-3,35 0,02 

Horizontal Jump 

(cm) 

 

218,5±23,2 

 

 

210,15±25,6 

 

1,04 0,30 

 

 

Table 4.5. Lower extremity Y balance test values between groups before training 

Y-Balance Test 
CG TG  

Mean±SD Mean±SD t p 

Right 

(Dominant) 

(cm) 

Anterior 

 

76,27±6,43 

 

 

79,47±6,90 

 

-1,45 0,15 

Postero 

medial 

 

89,55±14,96 

 

 

86,31±13,84 

 

0,68 0,49 

Postero 

lateral 

 

96,94±13,21 

 

 

92,73±14,85 

 

0,91 0,37 

Left 

(Non 

dominant)  

(cm) 

Anterior 

 

79,55±6,60 

 

 

79,89±5,80 

 

-0,16 0,86 

Postero 

medial 

 

90,33±11,95 

 

 

86,89±15,59 

 

-0,75 0,45 

Postero 

lateral 

 

93,05±14,35 

 

 

96,05±16,65 

 

-0,58 0,56 

 

 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 after exercise of the 

training group in pre-training assessment 

Test 

TG 

Pre 

Mean±SD 

Post 

Mean±SD 
t p 

Seated Medicine 

Ball Throw (m) 

 

4,99±0,27 

 

5,22±0,40 -2,85 0,05
 

Seated Shot Put 

Test (Sağ) (m) 

 

4,36±0,38 

 

4,66±0,48 -3,46 0,02 

Seated Shot Put 

Test (Sol) (m) 

 

4,25±0,33 

 

4,55±0,36 4,38 0,00 

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 

Y Balance Test 

TG 

Pre 

Mean±SD 

Post 

Mean±SD 
t p 

Sağ  

(Dominant) 

(cm) 

Medial 

 

93,5±9,21 

 

94,15±9,92 0,67 0,50
 

Superolateral 

 

82,0±8,84 

 

78,36±12,27 -1,68 0,10 

İnferolateral 

 

75,63±9,79 

 

78,63±7.47 -1,25 0,20 

Sol 

(Nondominant) 

(cm) 

Medial 

 

91,15±8,42 

 

90,57±7,86 -0,71 0,48 

Superolateral 

 

77,89±10,91 

 

78,68±11,01 1,564 0,13 

İnferolateral 

 

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 

Test 

TG 

Pre 

Mean±SD 

Post 

Mean±SD 
t p 

Fig8 Hop Test (Sağ) 

(sn) 

 

6,28±0,74 

 

5,96±0,75 2,79 0,01
 

Fig8 Hop Test (Sol) 

(sn) 

 

6,51±0,60 

 

6,06±0,66 -4,35 0,00 

Horizontal Jump 

(cm) 

 

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 

Y Balance Test 

TG 

Pre 

Mean±SD 

Post 

Mean±SD 
t p 

Right 

(Dominant) 

(cm) 

Anterior 

 

79,47±6,90 

 

80,84±6,62 1,68 0,10
 

Posteromedial 

 

86,31±13,84 

 

85,21±13,20 -0,837 0,41 

Posterolateral 

 

92,73±14,85 

 

94,31±15,98 1,358 0,19 

Left  

(Non  

dominant) 

(cm) 

Anterior 

 

80,42±5,54 

 

90,57±7,86 -0,93 0,36 

Posteromedial 

 

86,89±15,59 

 

86,26±6,62 -0,59 0,55 

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 

Test 

CG 

Pre 

Mean±SD 

Post 

Mean±SD 
t p 

Seated Medicine 

Ball Throw (m) 

 

5,64±1,09 

 

5,23±0,99 -2,85 0,05
 

Seated Shot Put 

Test (Sağ) (m) 

 

4,97±1,00 

 

4,88±0,87 -0,02 0,98 

Seated Shot Put 

Test (Sol) (m) 

 

4,72±0,75 

 

4,71±0,86 -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 

Y Balance Test 

CG 

Pre 

Mean±SD 

Post 

Mean±SD 
t p 

Right  

(Dominant) 

(cm) 

Medial 

 

91,55±7,57 

 

90,94±7,75 -0,55 0,58
 

Superolateral 

 

82,44±8,14 

 

85,33±5,81 3,61 0,02 

İnferolateral 

 

78,44±9,26 

 

82,38±8,99 -3,07 0,02 

Left 

(Nondominant) 

 (cm) 

Medial 

 

90,0±7,20 

 

92,66±7,74 4,15 0,04 

Superolateral 

 

82,6±6,98 

 

85,22±6,80 -1,85 0,06 

İnferolateral 

 

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 

Test 

CG 

Pre 

Mean±SD 

Post 

Mean±SD 
t p 

Fig8 Hop Test (Sağ) 

(sn) 

 

5,94±0,55 

 

5,93±0,63 -0,33 0,73
 

Fig8 Hop Test (Sol) 

(sn) 

 

5,85±0,57 

 

5,83±0,51 -0,73 0,47 

Horizontal Jump 

(cm) 

 

218,5±23,2 

 

217,16±21,09 -0,56 0,57 
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Table  4.13. Lower extremity Y balance test results before and after exercise of control 

group 

Y Balance Test 

CG 

Pre 

Mean±SD 

Post 

Mean±SD 
t p 

Right  

(Dominant) 

(cm) 

Anterior 

 

76,27±6,43 

 

77,88±6,33 3,18 0,05
 

Posteromedial 

 

89,55±14,96 

 

90,61±14,87 2,49 0,02 

Posterolateral 

 

96,94±13,21 

 

96,72±10,17 -0,14 0,88 

Left 

(Nondominant) 

(cm) 

Anterior 79,55±6,60 83,88±6,76 4,30 0,00 

Posteromedial 

 

90,33±11,95 

 

90,61±10,41 -0,52 0,60 

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 

Test 
CG TG  

Mean±SD Mean±SD t P 

∆Seated Medicine 

Ball Throw (m) 
-0,40±0,83 0,23±0,31 -3,09 0,00 

∆Seated Shot Put 

Test (Sağ) (m) 
-0,09±0,74 0,30±0,35 -2,09 0,04 

∆Seated Shot Put 

Test (Sol) (m) 
-0,00±0,67 0,30±0,29 -1,80 0,08 

∆CKCUEST (sn) 2,38±2,35 5,21±3,44 -2,89 0,00 

 

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

before and after the exercise program 

Y Balance Test 
CG TG  

Mean±SD Mean±SD u P 

∆Right 

(Dominant) 

(cm) 

Medial -0,61±4,67 -0,57±3,73 -0,85 0,40
 

Superolateral 2,88±3,39 -3,63±9,39 2,77 0,00 

İnferolateral 3,94±4,58 3,00±9,45 -0,38 0,70 

∆Left 

 (Non – 

dominant) 

(cm) 

Medial 2,66±2,72 -0,57±3,51 3,14 0,00 

Superolateral 2,61±6,39 0,78±2,20 1,17 0,24 

İnferolateral 3,16±2,99 2,15±2,67 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 

∆Fig8 Hop Test 

(Sağ) (sn) 
-0,01±0,15 -0,31±0,49 2,49 0,01 

∆Fig8 Hop Test 

(Sol) (sn) 
0,02±0,14 -0,44±0,44 3,18 0,00 

∆Horizontal Jump 

(cm) 
-1,38±10,38 6,21±6,25 -2,67 0,01 

 

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

before and after the exercise program 

Y Balance Test 
CG TG  

Mean±SD Mean±SD u p 

∆Right 

(Dominant) 

(cm) 

Anterior 1,61±2,14 1,36±3,53 0,25 0,80
 

Posteromedial 1,05±1,79 -1,10±5,75 1,52 0,13 

Posterolateral -0,22±6,44 0,52±2,45 -0,94 0,35 

∆Left 

 (Non – 

dominant) 

(cm) 

Anterior 4,33±4,27 0,52±2,45 3,30 0,03 

Posteromedial 2,61±6,39 0,78±2,20 1,17 0,24 

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 jump 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. 

• As a result 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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