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ABSTRACT

Cimen, S.N. The effect of six-weekly plyometric exercises on women volleyball
players on jumping, sprinting, throwing and dynamic balance capacities. Yeditepe
University Institute of Health Sciences Sport Phsiotherapy Program. Master
thesis. Istanbul (2019).

The aim of this study was to investigate the effect of six-week plyometri exercises on
running, jumping, throwing and dynamic balance capacities in female volleyball
players. Thirty female volleyball players were included in the study. The subjects were
divided into two groups as the study group (n=15) with a mean age of 16.53+1.45 years
and the control group (n=15) with a mean age of 16.33+1.49 years. The athletes in the
first group were taken to the Plyometric exercise training program (2 days/week) in
addition to the classical training programs. The second group participated the classical
training program for six weeks. Both groups were evaluated with the same methods
before and after a six-week pliometric exercise training program. The subjects were
assesed by physical measurement, vertical jJump test, 20 m sprinting test, Y balance test
and ball throw test. There was a statistically significant difference in right anterior and
posteromedial and left anterior, posteromedial and posterolateral values of Y balance
test , vertical balance and ball throwing values before and after training in the study
group in which pliometric exercise program was given (p <0.05). There was no
significant difference at 20 m sprinting and right posterolateral value of Y balance test
(p> 0.05). According to the evaluation results between groups; While vertical jump and
ball throwing difference values increased (p <0,05), no significant difference was found
in the Y balance test left anterior, posteromedial and posterolateral differences and 20 m
sprinting test (p> 0.05). As a result, it is considered that plyometric training program
could be especially useful to include professional athletes's in training programs since
plyometric exercise training combine with training program leads the significant

improvements in vertical jump, the ball throwing and balance parameters.

Key Words: Plyometric exercise, Volleyball, Women Player
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OZET

Cimen, S.N. Kadin voleybol oyuncularda alti haftahk pliometrik egzersizlerin
kosu, sicrama, firlatma ve dinamik denge kapasiteleri iizerine etkisi. Yeditepe
Universitesi Saghk Bilimleri Enstitiisii Spor Fizyoterapisi Programi. Yiiksek
Lisans Tezi. Istanbul (2019).

Bu ¢alismanin amaci, kadin voleybol oyuncularda alt1 haftalik pliometrik egzersizlerin
kosu, sigrama, firlatma ve dinamik denge kapasiteleri lizerine etkisini arastirmaktir.
Calismaya 30 kadin voleybol oyuncusu dahil edildi. Olgular yas ortalamasi 16,53+1,45
yil olan birinci grup (G1) (n=15) ve yas ortalamas1 16,33+1,49 y1l olan ikinci grup (G2)
(n=15) olmak iizere iki gruba ayrildi. Birinci gruba klasik voleybol antrenmani ile
birlikte altt hafta siliresince (2 giin/ hafta) pliometrik egzersiz egitim programi
uygulandi. Ikinci grup klasik antrenman programina katildi. Her iki grup , alt1 haftalik
pliometrik egzersiz egitim programi Oncesi ve sonrasinda ayni yontemlerle
degerlendirildi. Bireyler fiziksel 6zellikleri, dikey sigrama testi, 20 m kosu testi, Y
denge testi ve top firlatma testi ile degerlendirildi. Pliometrik egzersiz programinin
verildigi ¢alisma grubunda egitim Oncesi ve sonrasi dikey sicrama ve top firlatma
degerlerinde ve Y denge testinin sag anterior ve posteromedial ile sol anterior,
posteromedial ve posterolateral degerlerinde istatiksel olarak anlamli fark vardir
(p<0,05). 20 m kosu degerinde ve Y denge testinin sag posterolateral degerinde anlamli
bir fark yoktur (p>0,05). Gruplar aras1 degerlendirme sonuglarina gore; dikey sigrama
ve top firlatma fark degerinde artis gosterirken (p<0,05), gruplar aras1 20 m kosu ve Y
denge testinde sol anterior, posteromedial ve posterolateral fark sonuglarinda anlamli bir
fark yoktur (p>0.05). Sonug¢ olarak, pliometrik egzersiz programinin, profesyonel
sporcularin antrenman programlarina dahil edilmesinde 6zellikle faydali olabilecegi
diisiiniilmektedir, c¢linkii pliometrik egzersiz egitimi, antrenman programi ile
birlestiginde dikey sicrama, top firlatma ve denge parametrelerinde 6nemli gelismelere

yol agmaktadir.

Anahtar Kelimeler: Pliometrik egzersiz,voleybol, kadin sporcu
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1. INTRODUCTION

Volleyball is an enjoyable game which is played in accordance with certain rules
and has become very popular today for both performance sports and recreation purposes
(1). Volleyball, appealing to a wide audience in our country as well as all over the
world, is a team sport that involves continuous movements, complex movements and
requires versatile skills and performance (1,2).

The aim of the volleyball game is to send the ball to the opponent area by
passing the ball over the net in accordance with the rules for each team and to prevent
the ball from coming into contact with the ground in its area (3). The game, which starts
with the service shot, continues until the ball touches the playing field of one of the
teams, until one of the teams makes a mistake or the ball goes out of the playing area
(4).

A volleyball game can be defined as an integrated game with six main skills.
These skills are service, bump, overhand pass, spike, block and dive-dive & roll (5). In
order to develop these skills, all segments move in the most appropriate position and the
kinetic movement pattern is generated by the kinetic energy provided by many muscles
working in coordination. In overhead throwing techniques such as bumping, service and
pass, arm movements are divided into phases and the ball is hit by eccentric external
rotation and concentric internal rotation of the shoulder (6,7). Continuous repetitive
jumps associated with spike, block, and spike service are biomechanically in three
forms; squat jump, countermovement jump, drop jump and characterized by the same
muscle activation pattern (5,8).

Volleyball sports demand high performance efficiency from players together
with the sprinting of explosive strength, effective and sudden movements against the
ball coming from the opponent, repeated vertical jumps for attack and block, and the
ability to adapt to the tempo of the match for five sets (9). In order to be successful in
the game, the volleyball player must possess skills such as strength, endurance,
quickness, flexibility and speed. A high level of balance, coordination and skill is
required for the synchronized and fluent display of basic techniques (10).

Plyometric is a Latin word, which means measurable acceleration (11,12).
Plyometric is a way to increase sporting performance by training with skipping, jump
and throw methods for strength or explosion. Plyometric exercises, by using the

tension-contraction cycle, aim to increase the explosive reaction of the athlete with
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strong concentric contraction by stimulating the tension reflex after rapid eccentric
contraction (12). The faster the muscle is stretched, the more power and strength it
produces (13).

Vertical jump and spike, which is an indicator of explosive strength, is an
important feature that should be present in volleyball players. It has been claimed that
plyometric training increases the vertical jump ability and explosive strength
performance. Plyometric exercise is also an effective method to increase balance,
strength, joint awareness and condition in athletes (14).

In the literature, in a study conducted on 14-year-old female volleyball players,
it was reported that the effect of eitght-weekly plyometric exercises on jump and
throwing capacity improved (15). An increase was found in a study investigating the
effects of 12-week plyometric exercises on 10 elite female volleyball players on muscle
strength, ejection and countermovement jump performance (16). Two studies conducted
on kinematic parameters of young female volleyball players indicated that significant
improvements in generic performance and vertical jump of 5 and 6 week plyometric
exercises (17,18).

As a result of the literature review, it was seen that plyometric exercises result
with physical improvements in athletes. Therefore, the purpose of this study was to
search the effect of six-week plyometric exercises on running, jumping, throwing and
dynamic balance capacities in female volleyball players.

Hypotheses of the study;

1. HO: Plyometric exercises have no effect on running, jumping, throwing and
dynamic balance capacities of female volleyball players.

2. H1: Plyometric exercises have an effect on running, jumping, throwing and

dynamic balance capacities of female volleyball players.



2. GENERAL INFORMATION

2.1.Volleyball and Physiology

Volleyball was defined by William Morgan in 1895 as an entertainment game
called “Minotte”. Volleyball, which has been through many changes until today, is a
sport that requires basic motoric features and intelligence. In this sport, the goal is to
score points by making the ball fall on the opponent's field without dropping the ball in
own field and allow the opponent team players to make mistakes (19).

Volleyball is played on an 18x9 m playground divided in two by a net, in official
competitions on the grounds where the floor of the hall is covered with wood or
synthetic material. The leather covered volleyball ball has a diameter of 16.5 cm and a
weight of 196-280 grams. The height of the net is 2.24 meters for women and 2.43
meters for men (20,21) (Figure 2.1).

A volleyball team includes 6 players with team positions defined as setter, setter
cross, spiker, mid-player and libero. Each of these positions belongs to the game of
volleyball performs six main skills; service, bump, overhand pass, spike, block and
dive-dive and roll during the game (5).

The physiological character of volleyball is that the loading phase and the
resting phase are intertwined with each other in a short term of time and maximum
power is used with varying duration and movement intensity in the 9 meter long
playground, players jump for attack and block, jump in different directions or up to 10

meters specific offensive and defensive performances such as running (12,22,23).

Figure 2.1. Volleyball (22)



2.1.1. Basic Skills Techniques and Biomechanics of Volleyball
2.1.1.1.Service

In volleyball, service is defined as the hit that starts the game. In volleyball, it is

commonly seen in two types; tennis (flying) service and spike service (24).
In the tennis service, the player stands with his upper body facing the direction in which
the ball will be thrown. The ball is held in the non-dominant or left hand while the non-
dominant or left foot is positioned in the front, allowing trunk rotation. With the trunk
extension, the dominant arm is raised backwards and the ball is thrown into the air. The
ball is hit by taking a small step (20) (Figure 2.2).

In the spike service, the ball is held in the dominant hand and stepping up with
the dominant foot starts stepping forward and the ball is rapidly hit in step 4 with the
palmar face of the hand. Arm swing determines the way the ball is met and the speed
(25) (Figure 2.3).

Figure 2.2. Tennis Service (26)
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Figure 2.3. Spike Service (27)



2.1.1.2.Bump

It is generally used in the service reception position in the game. In addition to
meeting the service, it is the most commonly used technique in the defensive position
against the opponent's attacks in the back area. In the preliminary preparation phase of
the bump, the shoulders are protracted while the hip is positioned at back and back at a
45 degree angle from the hip, and the arms are joined away from the body in contact
with the ball and the forearm is supinated so that the inner parts meet the ball. In this
position, the center of gravity is transferred to the front and the foot that weight is to be
transferred and the side that arms are extended vary according to the direction of arrival
of the ball. The movement and positioning of the step before the player contact with the

ball is important in terms of ensuring stroke quality and balance (25) (Figure 2.4).
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Figure 2.4. Bump (26)
2.1.1.3.Finger pass

Overhand pass is used to set a set by the setter who usually uses the second hit
after the first meet to the ball passing the net with the opponent's service kick (20).

A good setter can pass balls at various heights and tempo (29). For forward
passes, the foot position is positioned side by side or one foot in front. In the position
where a foot is put forward, the fingertips are pointing towards the target and the weight
is in the front foot. The knees are semi flexed and the back is straight. EIbows are at
least 90 degrees of flexion, hands are at the forehead level and 15-30 cm in front of the
head. The last stage is entered after meeting the ball while the thumb, index finger and
middle finger are in abduction. The ankles, knees, elbows and wrists are activated in
order to transfer energy to the direction of the ball, the body is straightened and the ball



is pushed by the ulnar deviation movement in the wrist (Figure 2.5) There is an energy
transfer that starts from the ankle in backward pass, single hand pass and jumping pass
(6,28).

C
$

Figure 2.5. Finger Pas (26)

2.1.1.4.Spike

It is a hit technique of attack (20). The spike technique is a complex technique.
Basically, there are preparation step, approach run, discontinuation of the contact with
the ground with the last step, elevation, backward extension, flexing forward, ball
contact and falling down stage (19).

It has a complex structure that requires coordination and starts with stepping.
Right-handed kickers gain momentum when stepping right-left-right-left. In the last two
steps, the distances approach each other and two foot are used when jumping. In step 3,
the arms are thrown back and the body moves forward. With step 4, the arms are lifted
up to about 30cm above the ball while jumping. The right arm elbow is pulled back by
bending and is hit rapidly when the moment of contact with the ball comes (30) (Figure
2.6). The well-timed arm swings allow the hips to pass in front of the shoulders. This
allows the player to hit the ball in an upright position. The criterias important in this
technique are intervening of the arrival speed in the jump strength, the function of the

hip in the jJump, the use of the arm as a whip, and most importantly timing (20,25).



Figure 2.6. Spike (26)

2.1.1.5.Block

The block technique can be thought of as the first stage of defense and is mainly
applied to stop the opponent attacker. Initially made with one person, it is done with the
participation of two and three players according to the strength of the opponent spiker.
In the waiting for the block in front of the net, the feet are open at the shoulder level and
the palmar surfaces of the hands are facing the net. With side-stepping towards the
attacker, the hip goes back to the mini-squat position and a vertical jump is made to
meet the ball (25) (Figure 2.7). The arms extend towards the ball and the hands are

brought closer to each other to prevent the ball from passing (19,20).

&
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Figure 2.7. Block (26)



2.1.1.6.Dive-dive & Roll

Dive-dive & Roll technique is used to rescue the balls that are far away from the
player in which the bump technique cannot be applied (19). The whole body weight is
transferred to the foot positioned in the direction of the ball and the arm is extended
towards the bottom of the ball (25) (Figure 2.8). The ball is lifted up and reached the
upright position With the techniques such as creeping on the abdomen and rolling down
(20,30).

Figure 2.8. The dive-dive & roll (26)

In order to move all segments in the most appropriate position, many muscles
work in coordination. In overhead throwing movements such as striking, service and
pass, arm movements are divided into phases and the kinetic energy required for the
formation of each movement pattern is provided by the muscles' ability to contract
(6,25) (Figure 2.9).

In general, the throwing movement is divided into six phases. Although these six
phases are continuous, they are often separated by strengths and changes in muscle
activity during the throwing cycle (7,31) (Figure 2.10).

1st Phase (wind-up) Elevation; this is the preparation phase with minimal
muscle activity. At the end of this phase, the shoulder is in slight abduction and internal
rotation (24,32).

2" Phase (“early cocking” or “stride”); this phase, which has minimal loading,
ends with 90 degrees abduction and 15 degrees horizontal abduction of the shoulder.
First, the deltoid muscle, then infraspinatus, teres minor muscle and supraspinatus

(rotator cuff) are involved in the movement (24,33).



3rd Phase (“late cocking”); It continues until the shoulder reaches maximum
external rotation. The humeral head is stabilized by retraction of the scapula and the
elbow is flexed. In the middle of this phase, while the supraspinatus, infraspinatus and
reverse minor activity reach their maximum and deltoid muscle activity decreases. The
spikers combine this phase of movement with trunk rotation and lumbar extension (30).
In the last section of this phase, the subscapularis muscle is fired by trunk rotation and
the pectoralis major, latissimus dorsi and serratus anterior muscle are contracted
eccentricly. Biceps muscle activity is moderate (24,33).

4th Phase (acceleration); This phase actually begins with trunk derotation and
lumbar flexion (30). The shoulder goes to internal rotation when in abduction
(approximately 140-170 °). In this phase, the stabilization of the humeral head is
achieved by scapula protraction and concentric contraction of the anterior group
muscles and eccentric contraction of the posterior muscles of the shoulder. At the
beginning of this phase, the triceps muscle is active and at the end of this phase
latissimus dorsi, pectoralis major and serratus are anterior muscles are active (24,34).

5. Phase (deceleration): the most risky phase of the overhead ejection
movement, which is the opposite of the movement made in the first three phases. This
phase starts with hitting of the ball and ends with 100 ° abduction and 35 ° horizontal
adduction of the shoulder. The eccentric contraction of the muscles on the posterior
shoulder terminates the ejection movement (34).

6.Phase (-follow-through ”): It is the rebalance phase and the body is moved
forward until the ejection movement stops. Shoulder abduction is fixed at 100 °,

horizantal adduction increases from 30 ° to 60 ° (24).

www. fivb.org @

Figure 2.9. Spike movement in volleyball (26)



Figure 2.10. Spike Movement Biomechanic in Volleyball. A-B ,1-2: windup phase; B-
C,2-4: cocking phase; C-D ,4-8: acceleration phase; D-E,8-9: deceleration and follow-
through phase (31)

Continuous repetitive jumps associated with spike, block and spike serve as the
basic volleyball skills are characterized by the same muscle activation pattern. The
concentric movement of the muscles working during the propulsive phase is prepared
by the previous eccentric movement during the preparatory phase. A strong thrust is
only possible when the transition phase between the eccentric boot and reflex concentric
activation is short and the angular displacement of the knee and ankle joints is small
(5,8).

Biomechanically, there are three different jump patterns: drop jump,
countermovement jump and squat jump. Drop jump, where the player falls from a
height and returns to the air rapidly, not only the most performed during the jump
training, but also characterizes the rapid repetitive block jumps requested from the
intermediate players. Drop jump is considered a reactive jump with eccentric and
concentric phases. Squat jumps are usually performed by block players who must react
quickly to an opponent's attacks. The countermovement jump is determined by the
classic spike jump, in which the athlete completes his approach with a final step, and
then loads the quadriceps and the calves eccentrically after flexion on the hips, knees
and ankles with the concentric activation of the quadriceps and calf muscles (6,29).

After jJumping, the player must provide energy transfer from the floor with body
control before hitting the ball. Major muscle groups active in functional movement,
such as jump, are hamstrings, gluteus, quadriceps and gastrocnemius. These muscles
produce the kinetic movement pattern in the hip, knee and ankle joints by working
together and transferring energy from the ground towards the upwards. Before jumping,

the athlete takes the position known as ‘triple flexion” by flexing the ankle, knee and
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hip respectively. This position is the athlete's preparation for maximum power
generation. Extension of all joints releases explosive strength known as “triple
extension” and raises the athlete's body from the ground (6,20).

The vertical jump can be broken down into four phases, a preparatory (or down)
phase, a propulsive (or up) phase, a flight phase and a landing phase. The first two
phases occur while the jumper is on the ground. Because the height reached by the
jumper’s center of gravity is determined by what the jumper does on the ground (34).

During the preparatory phase, shoulders hyperextend , the hips flex, the knees
flex, the ankles dorsiflex and the and the body is lowered, so its potential energy
decreases. The segment immediately above the ankle joint is lowered (its motion is
downward relative to the ankle joint), so its potential energy relative to the ankle joint
decreases. The contraction of the active ankle joint muscle group is eccentric. The ankle
joint motion is dorsiflexion, but the muscle contraction is eccentric, so the ankle plantar
flexors are the active muscle group. The segment immediately above the knee joint (the
thigh) is also lowered relative to the knee joint, so its potential energy relative to the
knee joint decreases. The contraction of the active knee joint muscle group is eccentric.
The knee extensors are the active muscle group. The segment immediately above the
hip joint (the trunk) is also lowered relative to the hip joint, so its potential energy
relative to the hip joint decreases. The contraction of the active hip joint muscle group is
eccentric, and the hip extensors are the active muscle group (33,34).

During the propulsive phase, the opposite motions occur at each joint: The
shoulders flex, the hips extend, the knees extend, the ankles plantar flex and the
potential and kinetic energies of all the body segments increase. The contraction of the
active muscles at each of the joints is concentric. The ankle plantar flexes, the knee
extensors and the hip extensors are active. At the end of the preparatory phase and the
beginning of the propulsive phase, the body is rapidly accelerated upward. The joints all
experience accelerations at these instances as well (34).

During the landing phase of the jump, tibialis anterior and vastus lateralis
muscles are activated eccentrically stabilizing the knee and ankle joints respectively.
The eccentric activity of the vastus lateralis muscle plays a role in the landing phase to

slow down the flexion movement in the knee joint (26, 35,36) (Figure 2.11).
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Figure 2.11. Phases of Vertical Jump Movement (34)

2.1.2. Physical fitness parameters and performance in volleyball

In order to gain specific volleyball-specific movements, the athlete needs good
physical fitness and some performance factors that he needs to develop (20).
Anthropometric properties, technical-tactical skills and physical fitness capacity in
volleyball affect the sporting performance of the team. Volleyball sport often requires
repeated vertical and horizontal jumps, short and fast runs in different directions, dive-
dive&rolls, spikes and blocks (37). In order to be successful in the game, the volleyball
player must possess skills such as strength, endurance, quickness, flexibility and speed.
A high level of balance, coordination and skill is required for the synchronized and
fluent display of basic techniques (10).

Body composition is an important element of physical fitness and is directly
related to sports performance (37). All sports branches have physical characteristics
with specific age and weight limits. The effect of height and weight on performance is
unquestionable. In today's conditions, the taller height of athletes is seen as an

advantage for volleyball (12).

2.1.3. Strength

Strength is the talent of a muscle or a group of muscles to resist and withstand a
certain level by contracting against a resistance. Strength can be classified as
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theoretically (general and special strength), according to training science (maximal
strength, quick strength, continuity in strength), according to the type of contraction
(dynamic and static strength) (38) .

General Strength: It can be defined as the strength of all muscles, independent
of any sports branch.

Special Strength: It is the strength that created by the muscles used to perform
specific movements in a certain sport branch.

Volleyball sport has less need for general strength development than other
sports. Volleyball player should do the movements as fast as possible and as quickly as
possible during the game. In this case, rapid strength and performance continuity in
strength gain importance.

Rapid Strength: The rapid strength, the synthesis of strength and speed
capabilities, is the talent to exhibit maximum strength in minimum time. In volleyball,
rapid strength is the combination of speed and strength in jump and spike movement.
Jump strength, hit strength and sprint strength are components of rapid strength.

Continuity in strength: This is the ability of muscles to resist fatique during the
training and competitions with long lasting. Strength is very important for volleyball.
Leg strength, jumping and arm strength are particularly prominent in spike and block

movement, which is frequently used in volleyball (37).

2.1.4. Endurance

Endurance is the athlete's ability to perform the activity for a long time based on
long-term static and dynamic loads and physical and physiological fatigue without
degrading the quality of work.

Endurance for volleyball is important because the duration of the match is
extended by 2-3 hours and a player is asked to perform extra performance during the
match (37,38).

2.1.5. Speed

Speed is the ability of the athlete to perform his movements at the highest
possible speed (37). In team sports, such as volleyball, the successive change of the
offensive and defensive principles at any time accelerates the game and causes athletes

to perform sprinting successively (39).
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Volleyball is played on an area of 9x9 meters by dividing an 18x9-meter field
with a net and explosive sprinting and sudden changes in direction are made at short
distances like 3 to 5 meters (40). A successful volleyball player should reach the highest
level rapidly and fastly rather than reaching the desired height. This requires the ability

to produce power in a very short time (41).
2.1.6. Agility

Agility, a combination of speed and coordination, is the talent to change the
direction of the body or parts of the body with average speed and minimum loss of
control (37).

Agility is important in volleyball due to the athlete's need to change direction
without losing balance and control during the match and training. In volleyball, going
for the block towards the direction the ball is coming requires fast and reaction-free
agility, such as making moves in changing directions towards the bouncing balls from
the block or net (42).

2.1.7. Flexibility

Flexibility, which can also be expressed as the range of motion in the joint or
joint array, can also be defined as the talent of a joint to perform at the maximum angle
allowed by structures such as shape and structure, muscles, ligaments, tendons and joint
capsules (37). Volleyball player with good flexibility means good agility, power and
strength. Optimum range of motion in specific joints and flexibility in the surrounding
muscles is required to perform well in difficult and unusual positions during a match.

Otherwise, injuries are possible (20,43).
2.1.8. Balance

Balance is defined as a rapid and postural adaptation to changes in the center of
gravity during rest and activity. This adaptation is achieved by integrating sensory
information into the central nervous system (CNS) after gathering them via the visual,
vestibular and somatosensory systems, resulting in the formation of appropriate motor
responses in the musculoskeletal system (10,44).

The balance can be parted two as static and dynamic. Static balance is the skill

to maintain balance while the body is stationary, and dynamic balance is the skill to
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maintain the desired posture in motion, and the balance that is important for athletes is
dynamic balance (45).

Return to the game position after a successful landing after a jump or sudden
change of direction require strength, agility and balance. A meticulous attention to
balance must be given since volleyball is an activity that requires explosive and sudden
change of direction (46,47).

2.1.9. Coordination (Skill)

Coordination, in other words, skill is the movement produced as a result of the
central nervous system and musculoskeletal system working in harmony. Movement
coordination is presented as a function of pyramidal and extra pyramidal systems.
Coordination is the ability to learn difficult movements in a short period of time and
react quickly to the purpose in different situations. In volleyball, jJumping for the block

is a technique that requires coordination (14,48).
2.2.Plyometric

Plyometric is derived from the Greek words “pleion” and “metric” which mean
“more” and “to measure” respectively (10). The plyometric is a Latin word and means
measurable improvement (11).

Plyometric is a way to increase sporting performance by exercises with skip,
jump and throw methods for strength or explosion. These exercises aim to increase the
athlete's explosive reaction with strong concentric contraction after rapid eccentric
contraction (36,48). Plyometric exercises rarely last longer than 10 sec when performed
correctly (49).

Plyometric exercises are based on a cycle, known as the stretch-contraction
cycle, respectively the tension of the muscle-tendon unit and the shortening (concentric
contraction) of the muscle-tendon unit before the eccentric contraction of the muscle
unit. The stretch-contraction cycle significantly increases the ability of the muscle-
tendon unit to produce maximum power in the shortest possible time, which makes it
possible to use plyometric exercise as a bridge between pure force and speed (50).

If a sport branch requires movements such as side-to-back swivel movements,
running a short distance quickly or sudden direction changes, plyometric exercises are

performed to increase the strength in these movements. Plyometric exercises consist of
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drills such as different jump drills covering the lower extremities and drills with a

medicine ball like equipment covering the upper extremities (36).

2.2.1. Physiology of Plyometric Exercise

Physiological studies supporting the effectiveness of plyometric exercises or the
stretch-contraction cycle of muscle tissue indicate the importance of two factors:

(1) The cross-linking properties of actin and myosin forming muscle fibers and
the series elastic components of the muscle including tendons;

(2) Sensors in the muscle spindle (proprioceptors), which play a role in pre-
setting muscle tension for the activation of the stretching reflex and in transmitting
sensory inputs related to sudden muscle tension (8). The aim of plyometric exercise is to
use the stretching reflex and natural elastic components of both muscle and tendon to
increase the strength of subsequent movements (51).

The contractile component of the sarcomere of actin and myosin cross-bridges
plays an important role in motor control and strength development during plyometric
exercises. Plyometric motion uses the pre-tension of the physiological length-tension
curve of the muscle-tendon unit to increase the ability of the muscle fibers to produce
greater tension and the resulting force product (49). When the active muscle was
stretched, it was found that the ratio of cross-bridging separated from actin was
decreased the attachment ratio of cross-bridging was increased. Sensory stimulation is
sent from the muscle spindle stimulated by the stretching of the muscle, stimulating
feedback is provided by the monosynaptic reflex via the same muscle. The magnitude
and ratio of the load adjust the tension reflex (14,35,36) (Figure 2.12).

The proprioceptors of the body include the muscle spindle, the golgi tendon
organ (GTO) and the mechanoreceptors in the joint capsules and ligaments. Stimulation
of these receptors can lead to the facilitation, inhibition and modulation of agonist and
antagonist muscles. When the muscle spindle is stretched, there is an increase in firing
of afferent nerve. The strength of the signal delivered to the spinal cord from the muscle
spindle depends on the rate of stretching applied. The faster the stretching rate, the
stronger the neurological signal from the muscle spindle, and finally the greater the
efferent muscle contraction (the shortening cycle of plyometric movement). Another
mechanical receptor that plays an important role in the plyometric stretch-contraction

cycle is GTO. The tendon has been found to be the main contributor to length changes
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in muscle-tendon units and the storage of elastic potential energy. The golgi tendon
organ, a sensory receptor that lies in the tendon, is stimulated by the stretch of the
tendon. Sensory information from the golgi tendon organ synapses onto an interneuron
in the spinal cord, and inhibitory feedback is sent to the contracting muscle. Explosive
plyometric exercises can improve neural efficiency by increasing neuromuscular
coordination. Therefore, plyometric exercise training improves neuromuscular
performance by increasing the preset speed of the movable muscles. (35,36,49) (Figure
2.13).

Inhibitory
interneuron

Tendon

Muscle Y&i A ‘
/
Muscle L
spindle
i\ —— Sensory neuron
—
Muscle fiber P Golgi tendon organ
Figure 2.12. Muscle Spindle (35) Figure 2.13. Golgi Tendon Organ (35)

2.2.2. Phases of Plyometric Exercise

The combination of muscle movements, neural interactions, and connective
tissue flexibility facilitating effective plyometric movement can be more easily
explained by the stretch-contraction cycle (36). The stretch-contraction cycle is defined
as a rapid cyclic muscle movement in which the muscle undergoes an eccentric
contraction followed by a transition period before concentric contraction (50). The
stretch-contraction cycle consists of three different phases (51) (Figure 2.14).

The first phase of plyometric motion can be classified as loading phase. This
phase is also known as the eccentric phase or the deceleration phase (14,52). The
loading phase of a plyometric exercise occurs when the muscle-tendon units of the
primary moving and synergistic muscle groups are stretched by kinetic energy or joint-
induced loading. The loading phase begins when the muscle tendon units begin to
perform work that is resistant to gravity or previous movement; this is described as a

negative study in the resistance education literature (35). The increase in strength and
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performance is achieved by the formation of the stretch-contraction cycle during the
loading phase and the tension of the muscle tendon unit (14,53).

The transition between the loading and discharge phase which is the second
phase of a plyometric exercise, can be defined as the combination phase. This phase is
generally named as the amortization phase and also as the transition phase in the
rehabilitation literature. The joint angle, the center of mass and the ground are the
phases in which the length of the muscle fibers does not change when the reaction force
Is about to change direction. The amortization phase is the descriptive phase of
plyometric exercise (35,54). This phase is the key to plyometric exercise performance,
the shorter amortization phase causes a more effective and powerful plyometric
movement, because the stored energy is used efficiently during the transition (55).
When the amortization phase lasts longer than 25 milliseconds, there is a measurable
reduction in the stored elastic energy (14,31,35).

The discharge phase, which is the third phase of a plyometric exercise, occurs
immediately after the combination phase and involves shortening the muscle-tendon
unit. In this phase, the muscle shows a rapid elongation that will initiate the stretching
reflex during eccentric loading and fires the muscle spindles. This results in the
concentric contraction of the muscle namely the agonist extracellular fibers. At this

stage, more concentric contraction occurs with faster muscle tension (56).

A. Starting Momentum Load Amortization  Discharge Final Momentum
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Figure 2.14. Plyometric exercise phases in A) Lower Extremity, B) Upper Extremity,
C) The trunk (35)

2.2.3. Effects of Plyometric Exercise Training

Plyometric exercises aim to improve performance by causing neuromuscular
adaptations. Exercises for rehabilitation may not contribute sufficiently to acquiring
sport-specific movements. Therefore, plyometric exercises can build a bridge between
the exercises helping an increase in muscular strength specific to sport branch and
rehabilitation (54). Plyometric exercises can be in many forms, with a health ball for the
upper limb and trunk, and jump for the lower limb (14).

Pliometric exercises can be used not only to break the monotony of training, but
also to increase the strength, power and agility of athletes (55). Pliometric exercise
training to improve athletic performance parameters is generally continued for 6-15
weeks (56,57). In many studies, it has been found that Plyometric exercise has an effect
on jump, athletic performance and sports skills. In the research conducted for athletic
performance, increase in vertical jump, decrease in sprint time was found (58). The
study conducted on female athletes has also been claimed that plyometric exercises
reduce the risk of injury by correcting neuromuscular imbalance (14,59).

Several studies have reported that high intensity and volume field plyometric
exercises can cause muscle damage, muscle injuries and musculoskeletal injuries, as

well as many positive effects (60).
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3. MATERIAL AND METHODS
3.1.Subjects

This study was conducted with the volleyball players of Sariyer City Hall Sports
Club to investigate the effect of six-week plyometric exercises on running, jumping,
throwing and dynamic balance capacities of female volleyball players.

The study included in 35 volleyball players and the subjects who met inclusion
criteria. The subjects who participated in the study were randomly controlled and

divided into first and second groups.
3.1.1. Inclusion Criteria

e Athletes should be between the ages of 14-18,
e The athletes have consent to the participation and has a consent form

signed by the family.
3.1.2. Exclusion Criteria

e Years spend in the sport are less than 5 years,

e Having orthopedic / systemic disease during exercise training,

e The athlete does not participate in exercise training for more than 3
Sessions,

e Having suffered lower / upper extremity injuries in the last 3 months.

This study was approved by the Medical Ethics Committee of Medical, Surgical
and Drug Researches of Yeditepe University Faculty of Medicine (Meeting Date:
27.02.2019, Decision Number: 1579). Each individual and his / her parents were
informed about the content of the study and read and signed the participant consent
form and the parental consent form indicating that they voluntarily participated in the
study (Appendix A).

3.1.3. Flow of Research

A total of 35 female volleyball players between the ages of 14 and 18 who
participated in the same strength and training program were included in the study. As
for the first step, we separated the subjects according to simple randomization method.
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While the subjects odd survey number involved the pliometric exercise training with the

classical volleyball training group (G1) (n=18) and the subjects with the even survey

number involved the classical volleyball training group (G2) (n=17). During the

evaluations and trainings, 5 subjects were excluded from the study according to

exclusion criteria and the study was terminated with a total of 30 players (Figure 3.1).

Between the ages of 14 and 18
volleyball players of Sartyer City Hall

Sports Club
(n=35)

/\

Plyometric Exercise Training Group (G1) Classical Volleyball Training Group (G2)
(n=18) (n=17)
|= T T T s s T s s s s s s s s EEE S 1
. Evaluations and trainings |
(G1) (G2)
(n=18) (n=17)
Shoulder Gave up Knee Gave up
. volleyball . volleyball
Injury training Injury training
(n=1) (n=2) (n=1) (n=1)

|

|

Complete all pliometric exercises and
classical training program (n=15)

Complete classical training program
(n=15)

Figure 3.1. Flow Chart
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3.2 METHODS

Before starting the study, a verbal presentation was made to inform the subjects
about the plyometric exercise program. The purpose of the study and the content of the
plyometric exercise training program were explained to all subjects in accordance with
the participant consent form.

The demographic information of all subjects who volunteered to participate in
the study was questioned with a questionnaire and field tests in the research criterion
were performed (Appendix B).

Following the evaluation, the subjects in the first group were taken to the
plyometric exercise training program with the same physiotherapist twice a week for 6
weeks in addition to the classical volleyball training programs. The subjects in the

second group continued their classical volleyball training programs for 6 weeks.

3.2.1 Evaluation

Evaluations were made before and after the training, on the day of rest of both
groups. G2 was subjected to the same measurements and tests before and after the
study. After the six-week plyometric exercise training program, the same tests were

performed again and the pre-test and post-test results of the two groups were compared.

3.2.1.1 Demographic Information

Before starting the study, the general descriptive characteristics of the subjects
were recorded in the demographic information form which are date of birth, lower and
upper extremity dominant side, height, body weight, volleyball age, and history of
injury in the last 3 months. Subjects who did not meet the inclusion criteria were

excluded from the study.

3.2.1.2 Field Tests

Field tests of the subjects before and after the training were conducted in the
same environment. Before the assessment tests, the subjects were given 10-minute

warm-up exercises, and the appropriate resting time was given for each test.
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3.2.1.2.1 Vertical Jump

In the measurement of the test, the highest point where the athlete could reach
with his hand on the meter by standing side to the wall, was marked and recorded as the
first measurement of the test. After chalking his hand, the athlete jumped up as much as
he could and touched the top of the meter with his hand and the value was recorded as
the second measurement of the test. The measurement was repeated 3 times and the
maximum value of the second measurement jumps was recorded. The vertical jump
value was found with the difference between the second measurement value of the
athlete and the first measurement given at the beginning of the test and was recorded in

cm. Vertical jump test of athletes was performed without shoes (12,61,62) (Figure 3.1).

Figure 3.2. Vertical Bounce Test

3.2.1.2.2. Medicine Ball Throw Test

The medicine ball throw test is a test used to measure the explosive strength of
the upper extremity and trunk (63).

The athlete took the position of both toes at the starting line as she holds the 3 kg
medicine ball grasped with both hands at chest level. The athlete was asked to throw the
medicine ball in the horizontal direction with the chest pass using both hands as far as
possible. During the throw, the body was not allowed to swing back and step forward

and the athlete was informed. The physiotherapist marked the point where the ball

23



touched first. The test was repeated 3 times and the best value was recorded (64,65)
(Figure 3.2).

Figure 3.3. Medicine Ball Throw Test
3.2.1.2.3. 20 meters Sprint Test

It is a test to evaluate the speed performance of athletes. The lines indicating the
beginning and end of the measured 20 meters are indicated by funnels. The athlete was
instructed to place their preferred foot ahead at the starting line marked on the ground
and run as fast as possible through the test distance. The test was repeated 3 times and
the average time was recorded in seconds. Measurements were performed with 2-
minute rest (14,64) (Figure 3.3).

Figure 3.4. 20M Sprint Test
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3.2.1.2.4. Y Balance Test

Dynamic balances of the athletes were evaluated by Y balance test. The three
directions extending from the peak point on the ground were determined by a straight
line indicated by a tape measure and tape measure pasted at an angle of 135 degrees to
this line (65). The athletes were asked to reach the longest distance they could reach in
three directions, anterior, postero-medial and postero-lateral, with the other foot as their
hands on their waist standing on their preferred foot, so that they keep their balance.
The measurement was canceled and repeated if the individuals were disoriented and had
support from the ground with the foot on the reached side during reaching out to the
farthest distance. Extensions were repeated 3 times in all directions and the average of 3
measurements was taken. Resting time between stretches was given as one minute. For
normalization of the test, the leg lengths of each individual (the distance between spina
iliaca anterior superior and medial malleol) were measured in the supine position. The

result was recorded as (length of reach / leg length) x 100 (67) (Figure 3.4).

Figure 3.5. Y Balance Test; Anterior, Posteromedial, Posterolateral

3.2.2.  Study Protocol
3.2.2.1.Plyometric Exercise Training Program

The two groups included in the study continued their tactical and strength
training during the season following the evaluations. The subjects in the first group
were taken to the plyometric exercise training program with the same physiotherapist
twice a week for 6 weeks in addition to the classical volleyball training programs. The
first group participated in a plyometric exercise session with 10 minutes of warm up,
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30-40 minutes of Plyometric exercise and 10 minutes of cool down - stretching. There
was a 30 sec break between sets and a 2-minute break between exercises. Exercises
were planned as 6 movements (lower extremity and upper extremity) and the degree of
movements from easy to difficult. After the exercises determined in the first week, the
easy exercise was removed from program in the second week and a more difficult
exercise program was added and the variety number of exercises was kept as three for
both lower and upper extremities (14,47,68).

Running and short-term stretching exercises were performed in warm-up.
Stretching exercises were instructed for anterior-posterior-inferior capsule, right left
trapezoidal muscle, lattisimus dorsi muscle, hip flexor muscles, lumbar extensors,
hamstring, quadriceps, hip adductors, priformis and gastrocnemius muscles. After the

exercises, low-intensity running and static stretching exercises were performed (14,20).

3.2.2.2.Classical Training Program

All athletes included in the study continued their classical training programs for
2 - 2.5 hours for 6 weeks, 6 days a week.
The content of classical training program;

Technical-tactical (ball) training: 6 days,

Strength training: 2 days,

Warm-up (10 min): Drills in the form of short-term dynamic stretching exercises
following light-paced running or low-intensity aerobic activities,

Cool Down (10min): Static stretching exercises followed by walking or jogging.
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Table 3.2.2.1. Plyometric Exercise Training Program

EXTREMITY — NAME OF
EXERCISE

WEEK, NUMBER OF REPETITIONS and SET

UPPER EXTREMITY

WEEK 1

WEEK 2

WEEK 3

WEEK 4

WEEK 5

WEEK 6

1. CHEST PASS

5*3

2. OVERHEAD
THROW

5*3

5*3

3. BACKWORD
THROW

5*3

5*3

5*3

4. ROTATIONAL
TROW

6*3

6*3

6*3

5. MEDICINE BALL
ONEHAND THROW

5*3

5*3

5*3

6. OVERHEAD SIT- UP
TOSS

6*3

6*3

6*3

7. BURPEETO
MEDICINE BALL

5*3

5*3

8. JUMPING SPIDER

5*3

LOWER EXTREMITY

WEEK 1

WEEK 2

WEEK 3

WEEK 4

WEEK 5

WEEK 6

1. DOUBLELEG
VERTICAL JUMP

5*3

2. DOUBLE BUTT KICK

5*3

5*3

3. HEXAGON DRILL

12*3

12*3

12*3

4. BROAD JUMPS

5*3

5*3

5%3

5. LATERAL BOX
SUFFLES

5*3

5%3

5*3

6. STANDING LONG
JUMP WITH
LATERAL SPRINT

6*3

6*3

6*3

7. DIAGONAL CONE
HOPS

5*3

5*3

8. DEPTH JUMPS

5*3
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3.2.3. Upper Ekstremity Plyometric Exercises
3.2.3.1.Medicine Ball Chest Pass

Stand with partner at the throwing distance. One of the partners holds the
medicine ball with a hand next to his head. The other partner is ready to hold the ball in
front of the ball. First person throws medicine ball just above partner’s head forcefully,
Partner catches ball with both hands, immediately throws ball back to first person in the
same manner. First person catches ball and repeats. This plyometric exercise is low-
intensity (35,69) (Figure 3.6).

Figure 3.6. Chest Pass
3.2.3.2.Medicine Ball Overhead Throw

Stand front of the wall throwing distance. The ball is lifted over the head
bending the arms and is throwed to wall forcefully. Catch the ball and repeat volley.
Keep throwing the ball forward. This plyometric exercise is low-medium-intensity
(35,69) (Figure 3.7).

Figure 3.7. Overhead Throw
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3.2.3.3.Medicine Ball Overhead Backward Throw

Feet are standed more open than shoulder width. The ball is held overhead
between hand and is lowered with arms straight in long forward arch motion. The ball is
swinged down between both legs and is thrown back and upward. This plyometric

exercise is low-medium-intensity (35,70) (Figure 3.8).

Figure 3.8. Backward Throw

3.2.3.4.Medicine Ball Overhead Throw Sit-up

The first person, sits on floor with knees bent. The ball is held between two
hands. Lie back with ball over head and taps ball to floor. Immediately the ball is
thrown to partner from over head while sitting up. Partner catches the ball slightly when
standing and throws again. This plyometric exercise is medium-high-intensity (35,65)
(Figure 3.9).

Figure 3.9. Overhead Sit-up Toss
3.2.3.5.Medicine Ball One Hand Throw

The partners are stood throwing distance with left foot forward. One of the

partners holds the ball next to his head with his right hand. Other partners has arm up
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ready to receive ball. The ball is thrown by first person to left of partner's head
(partner's right side), forcefully extending arm forward. Partner catches the ball with
both hand, recoils ball to side of head, and immediately throws ball back to left of first
person's head (first person's right side) with right hand. First person catches ball and

repeats throw. This plyometric exercise is medium-intensity (35,65) (Figure 3.10).

L A

Figure 3.10. One Hand Throw
3.2.3.6.Medicine Ball Rotational Throw

The person stand with side of body facing wall. The ball is hold at waist level.
When squat down and ball is positioned to side of far hip by rotating shoulders and
slightly arms are bent away from wall. Quickly rotate torso toward wall driving with
legs, hip, waist, and far arm in a slightly upward angle. Release ball so it hits wall
approximately head height. Quickly step far foot forward so body faces wall with feet
approximately shoulder width apart. Catch ball and immediately step opposite leg back
so other side faces wall. This plyometric exercise is medium-intensity (35,71) (Figure
3.11).

Figure 3.11. Rotational Throw
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3.2.3.7.Burpee To Medicine Ball Chest

Start when the medicine ball is standing a couple feet in front of you. With your
feet about hip-width apart, squat down is made and the hands are put on the medicine
ball while simultaneously jumping your feet out into a plank position. Quickly the feet
Is jJumped out into a wide squat stance, the ball is picked up, and is pressed it forward,
away from your chest. This plyometric exercise is medium-high-intensity (35,68)
(Figure 3.12).

Figure 3.12. Burpee To Medicine Ball Chest

3.2.3.8.Jumping Spider Push-up

Start in a high plank position with your hands outside your chest and your body
in a nice straight line. When doing plank then knee is brought up in toward the outside
of your elbow, placing your foot on the ground. Then quickly press back up, and as you
do, explode up off the ground to land with your other hand staggered back and your
other knee in by your elbow.Explode back up off the ground and land back on the first

side. This plyometric exercise is high-intensity (35,65) (Figure 3.13).

Figure 3.13. Jumping Spider Push-up
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3.2.4. Lower Extremity Pliometric Exercises
3.2.4.1.Double Leg Vertical Jump

Feet are standed more open than shoulder width. Squat down is made and
jumped up as high as possible. With one or both hands are reached upward. Upon
landing, instantly jump up again and try to reach higher. This plyometric exercise is
low-intensity (35,72) (Figure 3.14).

A

Figure 3.14. Double Leg Vertical Jump

3.2.4.2.Broad Jumps

The feet are held open with a shoulder width. Squat down is made partially and
the arms are raised forward. The arms are swinged back behind sides and is leaned
forward. Rapidly when the arms are swinged forward and is jumped forward as far as
possible with both feet close together. Land with both feet together with legs are bend
and standed up. This plyometric exercise is medium-intensity (35,65) (Figure 3.15).

Figure 3.15. Broad Jumps
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3.2.4.3.Double Butt Kick

Feet are standed more open than shoulder width. Squat down is made slightly
with feet flat on floor by bending knees and hips. Jump up and kick back of heels
toward buttocks. Land on both forefeet and repeat. This plyometric exercise is low-
medium-intensity (35,73) (Figure 3.16).

Figure 3.16. Double Butt Kick

3.2.4.4.Lateral Box Sufflex

With one foot is stood on box and other foot off, down by side of box. Jump
sideways so opposite foot is on box and the other is off by side of box. Repeat side to

side. This plyometric exercise is medium-intensity (18,35) (Figure 3.17).

Figure 3.17. Lateral Box Sufflex
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3.2.4.5.Depth Jumps

Feet are standed more open than shoulder width. With both feet is steped off box
landing and the person is jumped off the ground as fast as possible. With one or both
hands are reached upward.This plyometric exercise is high-intensity (35,74) (Figure
3.18).

Figure 3.18. Depth Jumps

3.2.4.6.Hexagon Drill

With one foot is stood in the center of the hexagon. With one foot is jumped
across one side of the hexagon and back to center, then proceed around each side of the
hexagon. Do it again with your other foot. This plyometric exercise is low-medium-
intensity (35,55) (Figure 3.19).

Figure 3.19. Hexagon Drill
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3.2.4.7.Standing Long Jump Lateral Sprint

The feet are stood in a semisquat shoulder-width apart. Using a big arm swing,
perform a standing long jump. Land on both feet, trying to stay upright. Instantly sprint
laterally (right or left) for 3 meters. This plyometric exercise is medium-high-intensity
(35,65) (Figure 3.20).

Figure 3.20. Standing Long Jump Lateral Sprint
3.2.4.8.Diagonal Cone Hops

The feet is stood together at the end of the line of barriers. With one foot, jump
in a zigzag fashion across the barriers, moving down the line. Land on ground with one
foot , and use a double-arm swing to stabilize the body movement. Do it again with
your other foot. This plyometric exercise is medium-high-intensity (35,75) (Figure
3.21).

Figure 3.21. Diagonal Cone Hops
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3.2.5. Data Analysis

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

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

statistics, p value of significance was taken as p <0.05 and expressed as (20).
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4. RESULTS

4.1. Descriptive Data and Evaluation Results

The aim of this study was to investigate the effects of six-week plyometric
exercises on running, jumping, throwing and dynamic balance capacities of 30 female
volleyball players with median age of 16,43+1,47. The age, height, weight and BMI
characteristics of the athletes included in the first group (G1) (n=15) were given
plyometric exercise program in addition to the classical training program during the
process and the second group (G2) (n=15) performing the classical training program.
There was no statistically significant difference between the two groups in terms of age

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

Table 4.1 Comparison of physical properties of groups

Gl G2
Demographic
Features mean+SD mean+SD -
(min-max) (min-max) P
16,53+1,45 16,33+1,49
Age (years) 0,37 | 0,71
(14-18) (14-18)
_ 1,77+0,07 1,74+0,06
Height (m) 1,28 | 0,20
(1,6-1,86) (1,65-1,88)
_ 67,38+6,48 68,50+4,62
Weight (kg) -0,54 | 0,59
(57-79) (61,1-78,4)
21,39+1,86 22,58+1,94
Body Masszlndex 170 | 0,09
(kg/m?) (19,08-24,45) (20,65-28,80)

Intergroup vertical jump, ball throwing, 20 m sprint and Y balance test pre
intervention values are presented in Table 4.2 and Table 4.3. There was a statistically
difference between the two groups in terms of vertical jump test and right-left anterior

and posterolateral direction of Y balance test values (p< 0.05).
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Table 4.2 Intergroup Vertical Jump, Throwing Ball, 20 m Sprint Test Pre-
intervention Values

Gl G2
Test
mean+SD mean+SD T p
Ve”'&%;“mp 37.03+6,34 26,44,92 5,53 0,00
Throwing Ball
) 5,85+0,87 6,25+0,13 -1,50 0,14
m
20m sprint
(sn) 3,35+0,30 3,39+0,30 -0,40 0,68
sn
Table 4.3 Intergroup Y Balance Test Pre-intervention Values
G1 G2
Y Balance Test
mean+SD mean+=SD t p
Anterior
(cm) 75,29+7,79 97,22+14,11 -5,26 | 0,00
cm
Right .
(dominant) POSte(E?;T;ed'a' 108,69+10,83 | 100,99+12,82 | 1,77 | 0,08
Posterolateral
(cm) 105,78+11,98 92,95+14,60 2,63 | 0,01
Anterior
(cm) 76,96+7,32 95,46+13,76 -4,59 | 0,00
cm
Left
(non POSte(E?;';ed'a' 109,55411.43 | 101,15¢13.78 | 181 | 0,08
dominant)
POS““(E‘I’]';“”&' 10539411,64 | 94.88£13.90 | 224 | 0,03

Intragroup statistics of jump, throw, running and Y balance tests values of
subjects pre-plyometric and post-plyometric training for G1 are given in Table 4.4 and
Table 4.5. In the first group, there was a statistically significant difference pre and post

training in vertical jump and ball throw values between the right anterior and
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posteromedial and left anterior, posteromedial and posterolateral values of the Y
balance test (p <0.05). There were no significant difference for 20 m running and right

posterolateral value of Y balance test (p> 0.05).

Table 4.4 Intragroup Variables of Pre and Post Findings of The First Group
Vertical Jump, Ball Throwing and 20 M Sprinting Test

Gl
Test Pre Post .
mean+SD mean=SD P
vertical Jump | 5593, 634 | 39604633 549 0,00
(cm)
Thm"("r'nn)g Ball 5 850,87 6,15+0,80 -3.87 0.00
20m Sprint
o) 3,35+0,30 3,38+0,37 -0,76 0.46
SN
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Table 4.5 Intragroup Variables of Pre and Post Findings of The First Group Y

Balance Test

G1
Y Balance Test Pre Post
t
mean+SD mean+SD P
Anterior
75,29+7,79 79,82+9,46 -6,04 0,00
(cm)
Right Postero
_ . 108,69+10,83 | 113,22+13,49 | -2,90 0,01
(dominant) medial (cm)
Postero
105,78+11,98 | 106,48+11.19 | -0,35 0,72
lateral (cm)
Anterior
76,96+7,32 80,66+6,77 -6,06 0,00
(cm)
Left
Postero
(non ] 109,55+11,43 | 113,45+13,50 | -3,35 0,00
) medial (cm)
dominant)
Postero
105,39+11,64 | 110,32+12,42 | -3,61 0,00
lateral (cm)

Intragroup statistics of jump, throwing, running and Y balance values of subjects

pre and post classical training for G2 are given in Table 4.6 and Table 4.7. In the second

group, a statistically significant difference was found between the right anterior,

posteromedial and posterolateral, and left anterior and posteromedial values of Y

balance test and the throwing ball before and after training (p <0.05). There was no

significant difference in left posterolateral value of Y balance test with 20 m sprint and

vertical jump (p> 0.05).
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Table 4.6 Vertical Jump, Ball Throwing and 20 M Sprinting Test Pre and Post
Findings Intragroup Variables in Second Group

G2
Test Pre Post .
mean=SD mean+SD P
Vertical Jump 26,4+4.92 26.8+5.14 079 0,44
(cm)
Thm"("r'nn)g Ball 6,25+0,13 6,31:0,13 110,66 0,00
20m sprint
o) 3,39:0,30 3,39+0,29 0,31 0,75
SN

Table 4.7 Intragroup statistical analysis of Y balance test Pre and Post Findings of

Second Group

G2
Y Balance Test Pre Post
t
mean+SD mean+SD P
Anterior
97,22+14,11 98,87+13,91 -5,48 | 0,00
(cm)
Right Postero
) ) 100,99+12,82 103,03+13,61 -3,47 | 0,00
(dominant) medial (cm)
Postero
92,95+14,60 96,18+14,23 -6,62 | 0,00
lateral (cm)
Anterior
95,46+13,76 97,96+13,16 -5,80 | 0,00
(cm)
Left Postero
_ ) 101,15+13,78 102,89+13,64 -2,63 | 0,02
(nondominant) | medial (cm)
Postero
94,88+13,90 96,32+13,84 -1,82 | 0,08
lateral (cm)
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Comparison of vertical jump, ball throwing, 20 m sprint and Y balance values
are presented on Table 4.8 and Table 4.9. While the vertical jump and throwing ball
difference values increased in G1 compared to G2 (p <0.05), no statistically significant
difference was found when the 20 m sprint difference values were compared (p> 0.05).
When the pre and post Y difference values are compared between the groups, there was
a statistically significant difference in right anterior and posteromedial as regards in G2
(p <0.05), but there was no statistically significant difference between right

posterolateral and left anterior, posteromedial and posterolateral (p <0.05).

Table 4.8 Comparison of Pre and Post Jump, Throwing and Sprinting Test Values
of Intergroup Variables

Gl G2
Test
mean+SD mean+SD u p
Vertical 0,010,01 0,00£0,01 2,56 0,01
Jump (cm)
Throwing
Ball 0,29+0,29 0,05+0,02 -4.57 0,00
(m)
20m sprint
(sn) 0,03+0,18 -0,00+0,03 -1,91 0,05
sn
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Table 4.9 Comparison of Pre and Post Y Balance Test Values of Intergroup

Variables
G1 G2
Y Balance Test
mean+SD mean+SD u p
Anterior
75.29+7.79 165¢1.16 | -3,60 | 0,00
(cm)
Right .
ominant POSte&%‘ed'a' 4,5246,03 203£226 | -2,.28 | 0,02
Posterolateral 0,69+7.61 3224188 | -099 | 031
(cm)
Anterior
3.7042.36 2504166 | -124 | 021
(cm)
Left
(non POSte('m)‘ed'a' 3.8944,49 1744255 | 1,61 | 0,11
dominant)
Posterolateral 4924527 1434304 | -1,59 | 011

(cm)
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4. DISCUSSION

In this study, according our result we found that the effects of 6-week plyometric
exercises on running, jumping, throwing and dynamic balance capacities of female
volleyball players were investigated. Plyometric exercise training program had positive
effects on vertical jump, ball throwing, right anterior and posteromedial balance. In the
first group, vertical jump, ball throwing, right anterior and posteromedial and left
anterior, postermedial and posterolateral balance parameters were improved after the
training.

The study was conducted with 30 volunteer female volleyball players between
the ages of 14-18. There was no difference in age and physical characteristics (body
weight, height, body mass index) parameters of the intergroups. In summary, the study
was conducted with two homogeneous groups in terms of physical characteristics of the
subjects.

Studies on plyometric exercises have shown that plyometric exercises of
different types and severities significantly improve jump performance. We found that a
statistically significant difference was found in the comparison of the measurements
related to the vertical jump performance pre and post plyometric exercise training
program applied to the volleyball players participating in our study.

Pereira et al. (2011) investigated the effect of plyometric exercise training on
vertical jump in female volleyball players in a study. Plyometric exercise training
program was applied to the study group for 8 weeks, 2 days a week and both groups
continued strength and classical training programs at the same time. The vertical jump
was increased in the study group and no change was observed in the control group
(15,76).

Trajkovic et al. (2016) investigated the effect of 6-week Plyometric training on
dunk jump kinematic parameters (angular and linear velocity) in female volleyball
players with a mean age of 16 years. Significant improvement was observed in the study
group compared to the control group and it was stated that Plyometric training could
improve the movement and performance of the athlete and reduce the risk of injury
(18).

Kristicevic and Krakan (2016) reported that with the Plyometric exercise

training lasting 1 day and 5 weeks per week, there was an increase in the vertical jump
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of the study group and no significant improvement in the control group in female
volleyball players (17).

In the study conducted by Ramirez-Campillo and his friends with football
players, the players were divided into 3 groups; control group, PE24 and PE48 Groups
that the exercises were performed between 24 hours and 48 hours rest. They
investigated the effect of plyometric exercises performed twice a week for 6 weeks on
jump and running performance parameters. In the control group, no improvement was
observed in the related parameters, but there was an increase in the study groups with a
difference in resting time, and there was no significant difference between them (76).

It has been proven in accordance with the studies that programmatic, regular
and correctly applied plyometric exercises in sports branches (football, volleyball,
basketball, handball, weightlifting) had an important role in the jump and the explosive
feature and the development of explosive power has a positive impact on performance
(77).

In the present study, the related parameter also increased in both groups,
whereas in the evaluation of the groups, the increase in our first group was higher than
the second group.

In their study with volleyball players, Gjinovci et al. examined the effect of 12-
week Plyometric exercises and volleyball skill-based training on running, jumping and
throwing capacities. While significant changes were observed in both groups, they
stated that the plyometric exercise training group had more effect on the development of
capacities than the volleyball skill based group (68).

Ignjatovic et al, examined the effect of 12-week plyometric-based exercises
performed with medicine ball on the upper extremity muscle strength in the study
conducted on handball players with a mean age of 16 and standing and seated 1 kg and
3 kg medicine ball throw and bench and shoulder press tests were used. They reported
significant increases in the study group compared to the control group (78).

In the researches, throwing ball tests can be performed over the head to forward,
backward as well as seated, on the knee and standing, and the above studies have used

the same test as our study and the results have been found to support our study.

No statistically significant difference was found in the comparison of 20 m

sprint measurements taken pre and post plyometric exercise training program.
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Alptekin et al. investigated the effect of 8-week plyometric exercises on sprint
and jump performance in soccer players with a mean age of 13 years and no significant
difference was found on sprinting (79).

Slimani et al.’s the systemic article and many studies investigating the effect of
plyometric exercise in team sports athletes on the sprint parameter, significant

improvements has been proven (80).

In the present study, increases were observed in the dynamic balance parameter
in the dominant right side anterior and posteromedial of the first group compared to the
second group, while no significant difference was found in the anterior, posteromedial
and posterolateral and right side posterolateral directions of the non-dominant left side.

Bouteraa et al. investigated the effect of 8-week combined plyometric and
balance exercises on physical fitness parameters in female basketball players. In the Y
balance test performed only on the dominant side, significant increases were found in
all three directions in the study group (81).

In another study by Abbas et al. (2015) in which the effects of plyometric
training given on the balance parameter for 6 weeks in basketball players for 2 days a
week, star balance test on dominant side was used. At the end of the training, an
increase was observed in all directions except the posteromedial and posterolateral
aspects in the study group (82).

Turgut et al. (2018) studied the effect of plyometric exercises on dynamic
balance bilaterally in volleyball players with an average age of 11 years. They stated
that there was an increase in both dominant and non-dominant sides in the study group,
whereas there was no significant difference between the dominant and non-dominant
sides of the control group (83).

The information in the literature supports our study and the increase in the
values of the dominant right side anterior and posteromedial values of the players in the
first group may be caused by the players. The balance parameter that is dominant or not
and not increased in the posterior direction may be the absence of posterior movements
in the given exercise protocol or the exercises given in plyometric training are mostly in

anterior, medial and lateral directions.
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The limitations of our study;

We could be consider that the 20 m sprint test, which evaluates the speed
performance after the training, does not differ between the first and second
group measurements, and the speed and quickness exercises performed at the
beginning of the technical-tactical trainings are effective in improving the speed
parameter in the second group athletes.

As a result of statistical analysis before the training, some direction of y balance
test and vertical jump parameters intergroups were not similar.

The number of players has been kept few because the volleyball training
program implemented by different coaches of different clubs will affect the

work.
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5. CONCLUSIONS AND RECOMMENDATIONS

Our study was conducted with 30 professional female volleyball players to
investigate the effect of plyometric exercise program on running, jumping, throwing and
dynamic balance capacities. The effectiveness of the pliometric exercise program,
which progresses from low intensity to high intensity, has been demonstrated in
increases in vertical jump, throwing and some directions of dynamic balance. Our study
shows that short plyometric exercises training (6 weeks) has the potential to enhance

jumping, throwing and dynamic balance in young female volleyball players.

With the Plyometric exercise training, significant improvements were found in
explosive strength parameters such as in the capacity of vertical jump and throwing ball.
These results imply that plyometric exercise training could be more effective to improve

performance especially in volleyball players during jump and throwing.
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APPENDIX-A

Arastirma Amach Calisma I¢in Aydinlatilmis Onam Formu

Bu ¢alisma, kadin voleybol oyuncularinda alt1 haftalik pliometrik egzersizlerin
sporcularda kosu, sigrama, firlatma ve dinamik denge kapasiteleri tizerine etkilerinin
aragtirtlmas1 amaciyla yapilacaktir. Elde edilen verilerle voleybol sporcularina ve
onlarin ilgili parametrelerinin gelistirilmesine katki saglanacak, bu alanda calisan
profesyonellere ve dgrencilere yol gosterici olacaktir. Sizin de ebeveyn olarak kizinizin
bu calismaya katilmasmma izin vermenizi Oneriyoruz. Calismaya katilim kiziniz
tarafindan goniilliilik esasina dayanir. Karariizdan once arastirma hakkinda sizi
bilgilendirmek istiyoruz. Bu bilgileri okuyup anladiktan sonra arastirmaya katilmalarina
izin verirseniz formu imzalayiniz.

Calisma Istanbul Universitesi Orman Fakiiltesi Spor Salonunda yapilacaktir.
Eger kizinizin arastirmaya katilmasimi kabul ederseniz, kizimiz Fzt. Seda Nur Cimen
tarafindan fiziksel degerlendirme ve egzersiz programina alinacaktir ve program
hakkinda kiziniza bilgilendirme yapilacaktir.

Degerlendirme kayitlarimiz kimliginiz belirtilmeden saglik alaninda 6grenim
goren O6grencilerin egitiminde veya bilimsel nitelikte yayinlarda kullanilabilir. Bunun
disinda bu kayitlar kullanilmayacak ve bagkalarina verilmeyecektir. Bu calismay1
yapabilmek i¢cin kizinmizin  kosu, sicrama, firlatma ve denge degerlendirmesi
yapilacaktir. Ayrica kizinizin boy-kilo-yasi ve yaralanma ge¢misi de sorgulanacaktir.
Bu degerlendirmeler sporcularin hangi viicut fonksiyonunda zayiflik oldugunu
anlamamizda ve o fonksiyona katki saglamamizda yol gosterici olacaktir. Daha sonra 6
hafta siiresince sporcular haftada 2 giin antrenman oOncesi 45-60 dakika boyunca
belirlenen egzersiz programini yapacaklardir. Egzersiz program siireci bittikten sonra
degerlendirmeler egzersizlerin etkinligini anlamak agisindan tekrar yapilacaktir.
Sporcular degerlendirmeler esnasinda herhangi bir agri veya aci hissetmeyecektir.
Kizimizin bu ¢aligmaya katilmasi i¢in sizden herhangi bir {icret istenmeyecektir. Kiziniz
caligsmaya katildig1 i¢in size ek bir 6deme de yapilmayacaktir.

Calisma kapsaminda yapilacak olan degerlendirmeler herhangi bir risk
icermemektedir. Calismanin devami sirasinda agiga cikabilecek sorun ve riskler size
iletilecektir.

Bu calismaya kizinizin katilmasini reddedebilirsiniz. Bu arastirmaya katilmak
tamamen istege baglidir ve reddettiginiz takdirde kizinizin antrenman programinda
herhangi bir degisiklik olmayacaktir.

Ebeveynin Beyani

Saym Fzt. Seda Nur Cimen tarafindan kadin voleybol oyuncularinda alti
haftalik pliometrik egzersizlerin sporcularda kosu, sigrama, firlatma ve dinamik denge
kapasiteleri {izerine etkilerinin arastirilmasi igin tibbi bir arastirma yapilacagi
belirtilerek, bu arastirma ile ilgili yukaridaki bilgiler bana aktarildi. Bu bilgilerden sonra
velisi oldugum kizim boyle bir arastirmaya “ goniillii katilime1” olarak katilabilir. Eger
kizzimin bu arastirmaya katilmasina izin verirsem, bu arastirma sirasinda fizyoterapistin
kizima ait bilgilerin gizliligine biiylik bir 6zen ve saygi ile yaklasacagina , arastirma
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sonuglarinin egitim ve bilimsel amaclarla kullanimi sirasinda kisisel bilgilerimin
thtimamla korunacag inantyorum.

Arastirma i¢in yapilacak harcamalarla ilgili herhangi bir parasal sorumluluk
altina girmiyorum ve bana da bir 6deme yapilmayacaktir.

Bana yapilan tiim agiklamalar1 ayrintilartyla anlamis bulunmaktayimm. Adi gegen
bu arastirmada ebeveyni oldugum kizimm “goniilli katilimer” olarak yer almasi
kararmni aldim.

Imzal1 bu form kagidinin bir kopyasi bana verilecektir.

Goniilli Katilme1 Veli

Adi, soyadr: Adi, soyadi:
Adres: Adres:

Tel: Tel:

Imza: Imza:

Calismay1 yapan fizyoterapist

Adi1 soyadr: Fzt. Seda Nur CIMEN
Adres: Kilyos mahallesi tatlisu caddesi
No:2 Sartyer /ISTANBUL

Tel: 0506 441 8918
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APPENDIX-B
Demografik Bilgiler Formu
1) Adi-Soyadt: ....ccoevevveiiennnn,

Cep Telefon Numarast: .......cccceeeveeniverieennnnnne

2) Dogum Tarihi: ...............
3) Boy Uzunlugu (cm):
4) Viicut Agirhigr (kg): 5) BMI:
6) Dominant Taraf:
[1Sag
[1Sol
7) Pozisyonu:
8) Sigara i¢iyor Musunuz?
[ ] Hi¢ Igmedim
[ ] Sigara i¢tim Ama Biraktim (....... y1l, giinde ................... )
[ ] Hala i¢iyorum (........ yildir, giinde ................. )
9) Alkol Kullantyor Musunuz?
[ ] Evet
() Her giin diizenli
() Haftada birkag kez
() Ayda birkag kez
() Ozel Giinlerde
[ ] Hayir

10) Regli olma yas1/ diizeni:

11) Siirekli kullandiginiz bir ila¢ var mi1?
[T EVEL (et et )
[ ] Hayir

12) Herhangi bir ameliyat gegirdiniz mi ?
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APPENDIX -C

Curriculum Vitae

Personal Informations

Name Seda Nur Surname CIMEN
Place of Birth ISPARTA Date of Birth 20.01.1993
Nationality TURK TR ID Number 43345387580
E-mail sedacpt@gmail.com Phone number 05064418918
Education
Degree Department "I:'psnr]name of the Institution Graduated Graduation year
. . Physical Therapy and L
University Rehabilitation Acibadem University 2016
High school - Sarkikaraaga¢ Anadolu Ogretmen Lisesi 2011
Languages Grades ()
English -

# All the grades must be listed if there is more than one (KPDS, UDS, TOEFL; EELTS vs),

Work Experience (Sort from present to past)

Position Institute Duration (Year - Year)
Physiotherapist Sartyer Municipality Women Volleyball 2017-
Team
Computer Skills
Program Level
Microsoft Office Word Good
Microsoft Office Excel Average

*Excellent , good, average or basic





