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ABSTRACT

EFFECTS OF MUSCLE FATIGUE ON SHOOTING ACCURACY
IN HANDBALL PLAYERS

Simsek, Beyza
PhD. Department of Physical Education and Sport

Supervisor: Prof. Dr. Feza Korkusuz

September 2012, 75 pages

The purpose of the study was to investigate the effects of muscle fatigue on
shooting accuracy in male handball players. Sixteen elite young male
handball players (age: 17.12+1.74 year; height: 185.26+7.17; body mass:
78.931£11.07) volunteered to participate in the study. The study composed of
laboratory and field test sessions. In the laboratory test, maximal oxygen
consumption (VO2max) obtained from treadmill running test, blood lactate
concentration, heart rate monitoring at resting and every 3 minutes during
running were measured. Running speed equal to 75% speed at VO2max
values of participants was used as initial velocity for 30-15 intermittent fithess
test (30-15IFT). In the field tests, after determined the optimum shooting
velocity of each participant, they shots to each targets placed at the four
corner of the handball goal 4 times, totally 16 times. Blood lactate
concentration was measured from the earlobe of participant who completed
shooting to target test session. Then, 30-15IFT was applied as fatigue
protocol and at the end of the test, blood lactate concentration was measured
again and participant repeated shooting to target test session immediately
after fatigue protocol. During all shooting procedures, acceleration of wrist
and speed of ball were recorded. Blood lactate concentration over 8mmol/L,



90% of HRmax, respiratory exchange ratio>1 and exhaustion of participant
accepted ending criteria for the tests. As a result, no significant differences
were found between pre-fatigue and post-fatigue protocols in terms of
accurate and inaccurate shots. Shooting consistency, ball speed, response
time, X, Y, Z axis of wrist acceleration variables highly correlated each other
in terms of shooting accuracy both in pre and post fatigue conditions.
Shooting consistency has an effect on accurate shots. Ball velocity has effect
on inaccurate shots in pre-fatigue condition. However, none of variable has
effect on accurate and inaccurate shots in post-fatigue conditions. In pre-
fatigue conditions, right to left motion of wrist (X axis) was the most important
motion, back to forward motion (y axis) was became more important in post

fatigue condition.

Key Words: Team handball, Shooting accuracy, Fatigue protocol, 30-15IFT,

Accelereation
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ERKEK HENTBOL OYUNCULARINDA KASSAL YORGUNLUGUN ATIS
ISABETINE ETKISI

Simsek, Beyza
Doktora, Beden Egitimi ve Spor Bolimu

Danigman: Prof. Dr. Feza Korkusuz

Eylal 2012, 75 sayfa

Arastirmanin amaci erkek hentbol oyuncularinda kassal yorgunlugun atis
isabetine etkisinin arastirilmasidir. 16 elit gen¢ erkek hentbol oyuncusu (yas:
17.1211.74 yil; boy uzunlugu: 185.26+7.17cm; vicut agirligi: 78.93+11.07kg)
calismaya gonulli olarak katilmiglardir. Calisma laboratuvar ve saha
testlerinden olusmustur. Laboratuvar testlerinde her 3 dakikada kan laktat
konsantrasyonu ve kalp atim hizi Olgulmustur. Bireysel yorgunluk
protokolinun (30-15 intermittent fitness test) siddetini belirlemek icin gerekli
VO2max degeri (VO2max degerinin %75’i) kosu bandi testinden elde
edilmistir. Saha testlerinde ise, dncelikle optimal sut hizi belirlendikten sonar
katihmcilar her hedefe 4’er adet olmak Uzere toplamda 16 adet sut
atmiglardir. Sonrasinda katiimcinin 30-15IFT 6ncesi ve sonrasinda laktat
konsantrasyonu Olgulmustur. Yorgunluk protokolinin hemen akabinde
katihmcilar tekrar hedefe sut atmiglardir. Tim sut performanslari esnasinda
bilegin ivmelenmesi ve topun hizi dlgiimustir. Kan laktat konsantrasyonunun
8mmol/L degerinin, RER dederinin 1’'in ve kalp atim hizinin maksimumun
%90'Inin Uzerine ¢ikmasi testi sonlandirma kriteri olarak Kabul edilmistir.
Sonug¢ olarak, yorgunlugun atis isabetini degistirmedigi bulunmustur.
Yorgunluk oncesi ve sonrasi atig isabet degerleri agisindan atis tutarlihgi, top
hizi, tepki zamani, bilegin X, Y, Z eksenlerindeki ivmelenmesi degerleri
arasinda yuksek duzeyde anlamh iligki, tespit edilmigtir. Atig tutarhliginin

isabetli atiglarda etkisi oldugu bulunmustur. Top hizi isabetsiz atislarda

Vi



yorgunluk 6ncesinde etkili olmustur. Fakat, yorgunluk sonrasindaki isabetli ve
isabetsiz atislarda hi¢ bir degisken etkili olamamistir. Yorgunluk oncesi
durumda bilegin sagdan sola hareketien onemli etken olmus iken yorgunluk
sonrasi bilegin arkadan 6ne dogru olan hareketi daha ¢ok 6nem tasir hale

gelmistir.

Anahtar kelimeler: Hentbol, Atig isabeti, Yorgunluk protokolt, 30-15IFT,

ivme.
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CHAPTER |

INTRODUCTION

Competitive team handball is an intermittent high intensity body-contact team
sport that requires a combination of aerobic and anaerobic fitness to perform
a sequence of well-coordinated activities (Chelly, 2011; Buchheit et.al., 2009;
Buchheit and Leprette, 2009; Delamarche, 1987; Rannau, 2001). Team
handball places a heavy emphasis on sprinting, running, jumping and
throwing (Gorostiaga, 2006). Motor ability, sprinting, jumping, flexibility and
throwing velocity represent physical activities that are considered as
important aspects of the game and contribute to the high performance of the
team (Zapartidis et al., 2009).

Passing and catching are the most important components of ball control in
team handball. Offensive success revolves around a team’s ability to move
the ball quickly and accurately from one player to another. Consistent,
accurate passing ensures the paces and continuity of team play and keeps
pressure on the defense by allowing each attacker the opportunity to be a
scoring threat (Clanton & Dwight, 1997).

All activities in team handball are performed in specific conditions, with the
presence of players of the opposing team and while observing playing
regulations. Their selection and execution therefore depend mostly on the

situations in the match (Pori et al., 2005).

Michalsic et al.a, (2011), defined the movement categories and sum of
distance of these categories as standing still (0 km.h™), walking (4 km.h™),

jogging (8 km.h™), running (13 km.h™), fast running (17 km.h™), sprinting (24



km.h™), sideways movement (10 km.h™) and backwards running (10 km.h™)

in their studies.

There are four basic shots in team handball. The set shot is the most natural
of all shooting actions and is simply the overhand pass thrown hard. The
“jump shot” is the most used shot in team handball. Developing the ability to
jump and shoot over the defence, as well s jumping inside the goal area, will
make athletes more effective scoring threat. The “wing shot” is the jump shot
performed at a difficult shooting angle. The “fall shot” is the basic technique
of the circle runner. It allows receiving the ball on the 6 meter line and
shooting without using three steps (Clanton & Dwight, 1997).

For the set shot to be effective it must be performed quickly. In preparation
phase of movement, player runs to receive to get into shooting position. The
momentum created from being in motion will increase the power of player’'s
shot. Players attacks using three steps and during the second step, ball is
brought up to head height. Elbow is flexed to 90 degrees or greater. At that
time, all of body weight should be on back foot, upper body should be upright
and shoulders perpendicular to the goal. Player should keep head up and
eyes on goalie. In execution phase of movement, to shoot step forward and
transfer body weight from rear foot to front foot. Shoulders are rotated and
opened for being parallel to the goal. Player begins moving arm forward by
leading with elbow, then whip forearm and snap the wrist. In follow-through
phase of movement, momentum of body continues forward and the motion of

throwing arm continues across body (Clanton & Dwight, 1997).

The referee awards a 7-meter throw when a fault obstructs a clear scoring
opportunity. Generally, the set shot and the fall shot are used for 7-meter
shot. The 7-meter throw is an important part of the game to go scoring (THF,
2010).

In the study of Skarbalius (2010), they analyzed Olympic and European

Handball matches and emphasized that, throughout Handball Championship

2



2002-2010 teams on average earned a 7 m penalty 4.3-4.8 times per match,
performed steals 3.1-5.1 times and made 11.2-12.5 mistakes. In addition to
this data, 7m shots efficacy for winner are 66.9% in 2002 and 69.7% in 2010;
7m shots efficacy for winner are 65.2% in 2002 and 72.5% in 2010.

Clanton & Dwight (1997) also stated that shooting the ball hard is not enough
to beat a goalie; accuracy is essential. A direct shot is quicker and more
accurate. According to them velocity is as important as accuracy. Player can
be accurate but if velocity is not enough, goalie will have more time to react

and block to shots.

According to Marczinca (1993), the greatest speed can be achieved if the
power is concentrated on the center of gravity of the ball, to go through the
balls axis of rotation so that its driving moment is 0. In this case, the ball
progresses without spinning and this reduces the drag so that the speed of
the ball increases. The speed of the ball initially depends on the exertion of
the player and its size is determined by players’ purpose such as carry out a

pass or goal shot.

Velocity of handball throw is an important aspect for success, because the
faster the ball is thrown at the goal, the less time defenders and goalkeeper

have to save the shot.

Michalsic et al. (2011) studied on differences in the general and specific
capacities of throwing in function of age. The participants were assessed in
four different situations of progressive specificity: throw with a heavy
medicine ball, throw with a light medicine ball, throwing velocity without
opposition i.e. with no with a goalkeeper at the goal. As a result they found
that senior players were found to perform far better than the U-18 players in
all four throwing situations and throwing velocity was higher without than with
opposition for both groups; (senior group lowered by 7.79% and U-18 group
lowered 6.03%). Accoring to results they suggested that age can be a



determining factor in handball players’ throwing capacity and the presence
and interference of a goalkeeper appears to affect throwing velocity in a

negative way

1.1. The purpose of the Study

The purpose of the study was to investigate the effects of muscle fatigue

on shooting accuracy in male handball players.

1.2. Research Questions

Research study of this study were,
- Whether fatigue will affect shooting accuracy?
- Whether fatigue will affect wrist acceleration?
- Whether fatigue will affect ball speed?
- Do the ball speed, wrist acceleration and shooting accuracy correlate

each other?

1.3. Operational Definition

Acceleration: time rate of change of velocity which is a vector quantity.
Acceleration is expressed in ms™.

Acceleration Level: the ratio of measured acceleration level to
reference acceleration level.

Accelerometer: a transducer which produces an output (usually
electrical), which is proportional to the acceleration in some specific axis,
along a specified direction.

Acceleration amplitude: the maximal value of a sinusoidal acceleration.
Axis: one of the three mutually orthogonal straight lines passing through
the origin of a Cartesian co-ordinate system (i.e., translational axis, X
axis, Y axis and Z axis)

Body Mass Index (BMI): A controversial statistical measurement which



1.4.

1.5.

The

1.6.

compares a person's weight and height.

Consistency: Mean of standard deviations (mSD) of total acceleration
vectors per target

Maximal oxygen consumption (VO2max): The maximum amount
of oxygen that can be consumed per minute during maximal exercise;
also known as aerobic power and maximal oxygen consumption rate.4
Maximum Heart Rate (HRmax): The highest number of times a human

heart can contract in one minute.

Assumptions of the Study

The following assumptions have been determined in this study:

1) Itis assumed that participants understood and followed instructions
related with tests.

2) ltis also assumed that participants gave their best efforts during

performance tests.

Limitations of the Study

study was restricted by the following limitations:
Study was limited by sample size (n=16)
Participants of this study were limited to young male handball players.
Number of shooting to each target limited to four shots in order to

avoiding elimination of fatigue effects during shooting.

Significance of the Study

Accuracy is one of the most important terms in order to reach optimum result

in team handball because of being high intensity intermittent types of sport.

Endurance also important factor in order to coping with fatigue for athletes.

Duri

ng a handball match which composed of 2 periods, totally 60 minutes,

handball players not only have well developed aerobic and anaerobic



capacity but also should perform high intensity movements such as sprinting,
jumping or throwing. These requirements of high intensity movements also
can cause fatigue. As it takes place literature also, fatigue is a factor that
affects performance negatively. This study aimed to give answer to the
research question whether muscular fatigue affects shooting accuracy and
wrist acceleration. From that point in preparing training programs it can be
useful knowledge for athletes and coaches. In addition, there are some
laboratory or field studies about team handball related with physiological
parameters, shooting velocity or fatigue protocol separately. In this study
both laboratory and field tests applied and physiological parameters, shooting
accuracy and shooting velocity under resting and fatigue conditions
combined in same study. Especially field study design which was set for
current study, can be also used for developing shooting effectiveness in

regular trainings in terms of being applicable for players and coaches.



CHAPTER I

LITERATURE REVIEW

2.1. Physical and physiological demands of Handball

Team handball is a complex intermittent sport game which requires players
to have well developed aerobic and anaerobic capacities (Delemarce,1987;
Grostiaga, 2006). Several motor abilities such as sprinting, jumping, flexibility
and throwing velocity are considered as important aspects of the game that
contribute to the high performance of the team (Granados, 2007; Marques,
2006). Zapartidis (2009) pointed that the importance of VO2max in terms of
distinguishing young players according to their level. Depending on the level
of competition and the position in the team, players usually cover a distance
between 4.5-6.5km and require high level of aerobic capacity to aid recovery
after high-intensity bouts of activity. On the other hand, he stated that a
number of differences in anthropometric and physical fithess characteristics
exist between playing position.

2.2. Maximal oxygen consumption

The single most reliable (r«>.80) and valid measure of aerobic capacity is the
maximal oxygen consumption, or VO,max (ACSM, 2000, Morrow, JR. et al.,
2005). VO,max is a measure of the maximal amount of oxygen that can be
used by a person during exhaustive exercise. VO,max is achieved when the
work rate is increased, but the oxygen consumption does not increased or
has reached a plateau. Other indicator of VO,max are a respiratory
exchange ratio (RER) greater than 1.1 and heart rates near age-predicted
maximal levels, lactate concentration over 8mmol/L, and exhaustion of
participant (Shephard,1992,Morrow, JR. et al., 2005).
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Zapartidis (2009) pointed that the importance of VO2max in terms of
distinguishing young players according to their level. Depending on the level
of competition and the position in the team, players usually cover a distance
between 4.5-6.5km and require high level of aerobic capacity to aid recovery

after high-intensity bouts of activity.

In literature, VO, max was defined as an important factor that being a clue of
aerobic capasity. There were some values about VO,max of atletes that
differ from sports. For example, an elite marathoner exhibits a high VO,max
(more than 80ml/kg/min), middle or long distance runner, road cyclists,
swimmers (70-80 ml/kg/min), team game players (60-70 ml/kg/min), whereas
the sprinters exhibits a comperatively lower VO,max (45-55 ml/kg/min).
VO,;max is restricted to only the individuals’ cardiorespiratory capasity
relating the O2 uptake, transport and utilization. It has been observed that
individuals with similar VO,max have variability in endurance capasity and
that highly trained athletes perform at a high percentage of their Vo2max with

minimum lactate accumulation (Ghosh, 2004).

2.3. Blood lactate concentration

Anaerobic glycoliysis system relases energy for ATP synthesis through the
partial breakdown of carbohydrates to lactic asid. Lactic asid causes
muscular fatigue when it accumulastes in the blood and muscles. When
energy requirements increase during progressive exercise intensity, more
pyruvate will be produced through increased anaerobic glycolysis (Fox,
1988).

A wide variety of factors influence blood lactate and heart rate response to
exercise including: training status, carbohydrate intake, hormonal factors,

hydration status, and environmentsal factors (Hellemans, 1993).



Blood lactate concentration can be measured during exercise. The most
common sampling sites are the forearm vein, the earlobe capillary and the
finger capillary (Hellemans, 1993). There is a point at which the blood lactate
concentration sharply raises and this point has been termed the onset of
blood lactate accumulation (OBLA). At very low exercise intensities, the
concentration of the blood lactate is nearly identical to levels recorded at rest.
At particular level of exercise intensity blood lactate concentration begins to
increase. Anaerobic metabolism is used to supply the energy required to
continue work. Lactic asid is a by-prroduct of this anaerobic
metabolism.Once formed, lactic asid will be almost completely dissociated in
the serum and it is buffered predominantly by the bicarbonate system
(Washington, 1999).

Royal et al. studied on water polo players and their study aimed to assess
the effects of fatigue on decision making and goal shooting skill. It was
reported that incremental increases in fatigue improved decision making,
decreased the technical performance and accuracy and ball speed was

unchanged.

Intermittent exercise allows players to work for longer durations than
continuous exercise at the same intensity through reduced lactate

accumulation because lactate is partly metabolized during recovery periods.

2.4. Heart Rate

Heart rate increases during physical activity are controlled by the sinoatrial
node in response to decreased parasympathetic neurol stimulation and
increasedsympathetic neurol stimultion-a phenomenon termed cardiac
chronotropic regulation (Robergs, 1996; Janz, 2002). Throughout a large
range of physical activity, moderate through vigorous, heart rate increases

linearly and proportionately with the intensity of movement and the volume of



oxygen consumed (VO,) by contracting skeletal muscles (Freedson & Miller,
2000).

Temperature, humidity and altitude, emotional stress, digestion, nicotine,
altitude all result in an increase in metabolic stress and an accelerated heart
rate response (Hellemans, 1993; Freedson, 2000). Physical fitness is also a
factor that cause differences between physically fit and unfit person in terms
of heart rate because stroke volume is higher for the fit individual (Nieman,
1999; Rowlands,1997).

There are variety of factors that influence the HR-VO, relationship during
physical activity such as specific muscle mass utilization, type of activity,
Physical fitness level and other exercise related factors. Both lower body
dynamic activity (e.g., running) and upper body dynamic activity (e.g., rowing)
result in nearly linear associations between heart rate and VO, However at
any given submaximal VO, heart rate is approximately 10% higher for upper
body exercise compared to lower body exercise because of reductions in
stroke volume and arterial-venous oxygen difference during upper body
movement. This means that one subject running and another rowing at the
same activity level (the same submaximal VO,) would have different heart
rates (Janz, 2002). In addition, at the same submaximal VO heart rates are
higher during static exercise than during dynamic exercise. This is because
during static exercise heart rate is proportional to the active muscle mass and
the percentage of maximal voluntary contraction rather than oxygen

consumption (Nieman, 1999).

During static exercise, increased vascular resistance reduces stroke volume,
so elevated heart rates also reflect the body’s efforts to maintain cardiac
output (Hurley et al., 1984).

Heart rate data are used to predict energy expenditure by establishing
subject-specific regression equations between heart rate and volume of

10



oxygen consumed. This method requires establishing a heart rate curve
using laboratory measures for each individual study subject (Ceesay et al.,
1989). On of the approaches for estimating energy expenditure from heart
rate are flex heart rte method which is defined as the mean of the highest
heart rate at rest and the lowest during exercise. It commanly determined by
measuring heart rate at rest and during progressive increases in exercise
and then calculating the mean of the highest resting valu and lowest exercise
value (Wareham et al., 1997). Percent heart rate reserve are based on the
assumption of a linear and equivalent relationship between %heart rate and
%VO, reserve throughout a large range of dynamic activity (Swain, 1997). In
average net heart rate method, monitored heart rate substracted from the
resting heart rate. A fourth method is heart rate threshold for constructing
outcome variables is to determine the number of minutes or % of a time
period greate than or equal to a selected target heart rate without adjusting

for resting heart rate (Armstrong, 1998).

Handball is highly intensive game and during whole match, handball players’
mean heart rate was reported between 75-80% of maximum heart rate by
Chirosa et al. (1999).

2.5. Muscular fatigue and performance of a motor skill

Green (1995) stated that, repeated attempts to reproduce equivalent
mechanical expressions are invariably met with failure, as characterized by
an early and progressive deterioration in performance. This deterioration is

recognized as fatigue.
According to Hause et.al (2003) neuromuscular fatigue can be defined as

transient decrease in muscular performance usually seen as failure to

maintain develop a certain expected force or power output.

11



Fatigue also has been classified as being either central and peripheral origin.
Central fatigue is described a reduction in neural drive or motor command to
the muscle resulting in a decline in force or tension development. On the
other hand peripheral fatigue is defined as decrease in force generating
capacity of the skeletal muscle due to action potentiasl failure, excitation
contraction coupling failure or impairement of cross-bridge cycling in the

presence of unchanged or increased neural drive (Kay, 2000).

The cause of muscle fatigue varies and depends upon type of exercise
performed. Fatigue resulting high intensity exercise appears to be due to an
accumulation of inorganic phosphate and hydrogen ions within the muscle
fiber. These metabolites interacts with the contractile proteins and reduces
muscle force production. In prolonged exercisemay involve the failure of
excitation - contraction coupling. This is likely due to reduction in the relase of
calcium from the sarcoplasmic reticulum. Reduced calcium relase results in
fewer myosin cross-bridges in the strong binding state and reduced force
production (Uzun, 2002).

The recruitment of muscle depends, in part, conscious control. The
physiological trauma of exhaustive exercise may inhibit the athlete’s
willingness to tolerate further pain. Perceived discomfort of fatigue precedes

the onset of a physiological limitation within the muscles (Enoka, 1995).

According to findings of many studies, central nervous system is primary site
of fatigue but did not rule out peripheral sites such as the neuromuscular
junction and the muscle fiber itself. Fatigue has not only effects strength and
reflexes, but also effects coordination of complex movement (Hause et.al,
2003).

Many researchers studied on manifestations and effects on fatigue
mechanism. Kluka (1999) claimed that the physiological fatigue affects an

individual’s motor learning and performance multidimensionally. One of the
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affected dimensions is that of concentration. The higher level of fatigue, more
detrimental the performance outcome. Low to moderate levels of fatigue
seem to have no effect on learning but lead to decreases in performance.

High levels of fatigue may affect both.

Green (1995) asserted that there are some important variables constituting
the task itself, such as the muscle mass involved, the intensity of the
contraction, the velocity of movement, the range of muscle lengths at which
the task is performed there are large and the temporal characteristics of the
contraction and relaxation schedule and there appear to be large differences
between individuals in the vulnerability to fatigue such as sex, age, health
status, body composition and genetic endowment in terms of the structure,

organization and composition of the neural and the muscular system.

Physical fatigue reduces neuromuscular and sensorimotor control ant that
the occurrence of these impairments may contribute to an increased lower
limb injury risk (Zech, 2012).

2.6. Term of accuracy

Schmidt & Wrisberg (2004) were expressed accuracy as the amount of
variability or inconsistency of performer's movement end point in the target

area.

Accuracy can be divided into three such as spatial accuracy, temporal
accuracy and timing accuracy. Spatial accuracy required of aiming
movements for which spatial position of the movement’'s end point is
important to task performance. Speed or distance is decreased such as down
the line serve in volleyball; dart throwing; target archery. Temporal accuracy
required of rapid movements for which accuracy of the movement time is
important to task performance; more commonly referred as timing accuracy.

The last one is timing accuracy required of rapid movements and decreased
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movement time for also referred to as temporal accuracy such as tennis drive
or badminton smash (Schmidt & Wrisberg, 2004; Kluka, 1999).

2.6.1. Fitts Law

Fitts’ law suggests that there is a trade of between speed and accuracy.
When speed is emphasized, accuracy is reduced; when accuracy is
emphasized, speed is reduced. If the goal of the movement involves primarily
spatial accuracy such as throwing darts at a target, movement should be
made more slowly to reduce spatial errors. If the movement goal primarily
involves temporal accuracy such as when to swing the bat at the ball in
cricket, increasing the speed of the movement will reduce errors in timing

accuracy (Kluka, 1999).

For discrete, rapid aiming movements, spatial accuracy decreases with
increases in movement speed, up to about 70% percent of maximum speed
(Wrisberg, 2000).

In movements rapidly produced (lasting 200ms or less ) where little or no
feedback processing is possible, it was seen that increases in movement
distance (from 10 to 20 to 30cm)are accompanied by gradual increase in the
spread of variability of the movement end points. Also it was seen that a
decrease in movement time from 200ms to 140ms increases the spread as
well. This means that aiming errors are influenced both by increases in
movement distance and by decreases in movement time. In addition,
decreases in movement time also affect the consistency of the processes
that generate the initial parts of the action. That is they affect the open-loop
processes necessary to produce a quick movement (Schmidt & Wrisberg,
2004).
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2.6.2. The Importance of accuracy in handball

Shooting the ball hard is not enough to beat a good goalie; accuracy is
essential. Shooting for the corners is one of the important principles of
shooting. The high corner cobwebs are under the crossbar and inside the
goalpost. The low cobwebs are where the goalpost meet the floor, above
where the goalie’s foot can extend and below where the goalie’s hand can

reach.

Wagner & Muller, (2008) stated that, in elite team handball, shooting on goal
is one of the most important aspects of the game. For a shot to be
successful, it requires maximum ball velocity and precision as well as an
element of surprise for the defensive players and goalkeeper. They also
claimed that the internal shoulder rotation angular velocity at ball release,
maximal elbow extension and the timing of the maximal pelvis angle are

important contributors to the ball velocity.

2.7. Throwing movement in handball

Marczinca (1993), defined the purpose of throwing motion is to smoothly
transfer the kinectic energy gained by building up impetus to the ball and
throw it with the appropriate muscle power. In the throwing position, with the
help of the pre-stretch muscles, he transforms the kinetic energy to potential
energy so that during the throwing motion, he can use it as kinetic energy

again to give the ball more power impulse.

In team handball competition, 73-75 % of all throws during the game
constitutes jump throws followed by the standing throw with run-up (14-18%),
penalty throw (6-9%), diving throw 2-4%) and direct free throw (0-1%). These
techniques are used to increase the horizontal velocity making it difficult for
the defensive player to tackle and potentially enabling a higher ball velocity
(Wagner, 2008;2011).
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Fradet et al. (2004) studied on French handball players and they claimed that
maximal linear speed of the shoulder occurred after maximal linear speed of
the elbow. On the other hand, according to Wagner (2008), the main reason
why top players produced higher ball velocities than less proficient players
was the velocity of the shoulder, especially shoulder flexion, together with
elbow extension and ulnar deviation at the wrist. In another study which
belongs to Wagner et.al (2011) it was reported that there were high and
significant correlations to the ball velocity for the maximal pelvis and trunk

rotation.

According to Van den Tillaar and Ettema (2004), 67% of ball velocity at ball
release can be explained by the summation effects from the velocity of elbow
extension and internal rotation at the shoulder. Van den Tillaar and Ettema
(2007) showed a significant correlation for the timing of the maximal pelvic
angle with ball velocity, indicating that the best throwers started to locate their
pelvis forward earlier during the throw. In addition to this, Zapartidis (2007)
pointed that improvement of the strength of the rotators of shoulder could aid
players to achieve and maintain a faster ball velocity and higher throwing

effectiveness during the game.

Zapartidis (2007) stated that for a throw to be effective, the highest velocity at
ball release in combination with aiming accuracy are both required and the
athlete should maintain the potential of the optimal output in both of these

parameters during the game.

Herbert (2008) asserted that handball throw is whole body, acyclic, complex
and highly dynamic movement and it is important to optimize the movement
of the throwing arm, in particular the velocity of the shoulder, elbow and wrist.
The impulse transfers from proximal to distal segment such as hip, shoulder,
elbow, wrist, middle hand and finger so that the ball finally reaches maximal

speed.
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2.8. Intermittent Exercises

30-15,7 is an attractive alternative to classic continuous incremental field
tests for defining a reference velocity for interval training prescription in team
sport athletes (Buchheit 2009).

For any continuous test (including no recovery period) differentiating the final
velocity reached from what is called the maximal aerobic velocity. Actually
during an intermittent test, maximal oxygen uptake is often reached before
the end of the test. After the attainment of VO,max the player has used some
anaerobic sources to finish the last stage. While vWO,max is a true and valid
index of maximal aerobic function, the end- test velocity can be considered

as a composite velocity (Buccheit, 2010).

In team handball, players do not carry out in-line or continuously running
action. Chelly et al, (2011) divided locomotor activities into 5 categories

during handball game which was represented in Table 1.

Table 1. Categories of locomotor activity during a handball game
(Chelly,2011).

Category Speed (m.s™) Speed (km.h™)
Standing 0-0.1 0-0.36
Walking 0.2-1 0.37-3.6
Jogging 1.1-3 3.7-10.8
High-intensity running 5.1-7 18.1-25
Sprinting >7.1 >25.1

At this point, team handball is a complex intermittent sport game which

requires players to have well developed aerobic and anaerobic capacities
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(Zapartidis, 2009; Delamarce, 1987). Besides, Chelly et al. (2011) were
examined the activity profile of elite adolescent players during 6 regular
handball matches and compared physical and motor performance of players
between first and second half of the game. As a results of the study, they
were represented the percentage of total running distance covered; 59%
jogging, 29% walking, 8% high intensity running and 4% sprint. It was also
represented the running distance 170+24 m at high intensity and 86+12m at
maximal speed, at speeds>18km.™”. In the study of Michalsik (2011), the
mean score of total effective playing time was determined as 53.85+5.87 min,
standing still and walking constituted 76.5+10.4 % of total effective playing
time. In contrast, amount of high intensity running constituted 1.7+0.9% of the
total effective playing time corresponding to 7.9+4.9% of total distance
covered per match. In addition, 53.3+14.2 times high intensity runs were

performed by all players.
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CHAPTER Il

METHODOLOGY OF THE STUDY

3.1. Participants

Sixteen elite young male handball players volunteered to participate in the
study. Descriptive statistics about subjects are given in Table 2. All subjects
and their family were provided with the procedures, potential risks and
discomfort associated with participation in current study and sign written
informed consent and parents’ consent form prior to participation. The
procedures were approved by the Ethics Committee of the Middle East

Technical University.

Table 2. Descriptive Statistics of the Participant Age, Training Age, Height,
Weight and Body Fat Percentage.

Variable Mean Std.Dev
Age (year) 17.12 1.74
Training age (year) 9 1.41
Height (cm) 185.26 7.17
Body mass (kQ) 78.93 11.07
Percent of body fat (%) 9.73 3.20
BMI (kg/m?) 22.92 2.26

3.2 Data Collection and Instrumentation

The current study composed of 2 sessions such as laboratory and field test
sessions. Each subjects visited the laboratory or sports hall 1 times on at

approximately the same time of the day. Measurements applied morning
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sessions and first day 5 subjects, second day 5 subjects and third day 6
subjects participated to tests separated 30 minutes periods each other’s.
There were 48 hours between laboratory and field test for each subjects.
Subjects who completed laboratory tests, passed through the field tests at
the same order. All laboratory and field measurements were completed within
6 days.

According to study design, first of all subjects participated to laboratory tests
including blood lactate concentration measurement, heart rate monitoring
and treadmill test. VO,max values of participants obtained from treadmill
tests in order to determine relative running speed (75% of VO,max) for 30-15
intermittent fitness test. In the field tests, firstly optimum shooting velocities of
participants were determined. In pre-fatigue shooting test, participants shots
to each target 4 times (totally 16 times). After that, blood Ilactate
concentration of participant was measured and participant was begun to
perform 30-157. At the end of the 30-15-r, blood lactate concentration was
measured again and participant was repeated shooting to target procedures
as post-fatigue shooting test as soon as possible. During all shooting

procedures, acceleration of wrist and speed of ball were recorded.

Blood lactate concentration over 8mmol/L, 90% of HRmax values which were
calculated according to age, and exhaustion of participant accepted ending
criteria for the tests (Shephard,1992).

3.2.1. Laboratory Tests
Height measurement of handball players was performed by a stadiometer
(Holtain, England, sensitivity + 1mm). Body mass and percentage of body fat

measurement were performed by a body composition analyzer (Tanita TBF
300, Japan).
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3.2.1.1. Heart Rate Monitoring

Heart rate (HR) monitoring System (Polar S 810i Polar Electro OY, Finland)
was fitted to each players before the treadmill test and 30-15, test. During
all testing sessions including laboratory and field tests, resting HR and
maximum HR values of each participant were recorded. In addition, every 3
minutes during treadmill test and at the end of every 30 s running session
during 30-15r test HR values of participant recorded also by using heart rate
monitoring system. 90% of maximal HR of subjects’ was accepted as ending

criteria for the test.

3.2.1.2. Determination of VO,max and vVO,max

In this study pulmonary oxygen uptake was measured by a breathby-breath
gas analyzing system (JAEGER MasterScreen CPX; Viasys Healthcare
GmbH, Hoechberg, Germany). and Jager LE 200 CE treadmill. The analyzer
was calibrated before each test. All subjects performed an incremental test
on treadmill in order to determine VO;max and the running velocity
associated with VO,max (vWO,max) for setting relative fatigue protocol which
was executed in field tests. A 0.5 percent slope was used during the whole
tests. Treadmill speed started was 8 km.h™ as a warm up session and
continue with 9 km.h™* and increased 1km™h. every 3 minute and each 3
minute stage was separated by a 30 second passive rest period (Demarie,
2000; Midgley, 2007) and during these passive rest periods, lactate
concentration measurement were done. Breath by breath data were
stationary time averaged over 5 s. The test was ended when subject
exhausted or HR > 90% of HRmax or La level > 8mmol/L. The highest VO,
obtained during the last 40 s of the graded exercise test was considered to

be the maximal oxygen consumption (VO.max) (Belli et al., 2006).
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Figure 1. Treadmill test

3.2.1.3. Blood Lactate Concentration Measurement

25yl capillary blood sample were taken from an earlobe and analyzed
samples immediately by using a lactate analyzer (YSI Sport 1500, Yellow
Springs Instrument Co, USA). La was taken every 3 min in treadmill test.
Analyzer was calibrated for every 5 subject. Before the tests and changes
membrane and solution, 5.0 mmol/L and 30.0 mmol/L standard lactate

solutions were used.

Figure 2. YSI 1500 Lactate analyzer Figure 3. Lactate measurement
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3.2.2. Field Tests

IOPTIMUM SHOOTING VELOCITYI
30-15IFT TEST
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Figure 4. Field test design
3.2.1.1. Determination of Optimum Shooting Velocity

In order to assess the optimum shooting velocity, a standard handball was
used (mass 475g; circumference 58 cm). Each subject executed 5 shots to
the wall without target from the 7 m line. Shooting velocities were measured
by using Sports Radar Gun SR 3600, USA. Radar gun was placed behind
the participant and arrange the height according to the height of the
participants’ throwing arm. Ball velocity is measured in km.h™. Except for
minimum and maximum speed, mean value of the other 3 shots was
calculated and 80% of this shooting speed was accepted as optimum

shooting velocity.

3.2.1.2. Shooting to Target

Players throwed to the target from 7m line. A standard handball and goal

specified by the International Handball Federation (IHF) guidelines were used

(ball: diameter=58-60cm, weigth= 425-475gr, goal: width=3 m, height=2 m).
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The four equal sized targets (50cmx50cm) hollow and made of iron was
mounted at each corner of the goal (Figure 1). Each target is dressed by fish
net like a cone in order to hold balls throwed to the target. These targets
were chosen as the extreme points in the goal area and hence the targets
most likely to give rise to differences in movement form (Bourne et al, 2011).
Targets were labeled: top right (TR), bottom right (BR), top left (TL), and

bottom left (BL) relative to the subjects viewing perspective.

Figure 5. Target area setup on handball goal

Visual stimulus was used to designate the target. Four separate light panels
assembled with 15 x 15 green LEDs with 3mm gap in between were attached
to 1 m behind the goal where they were appeared by subjects as in the
center of each target. Visual stimulus was given manually by control unit by
pressing the designated button in order to turn on desired light according to

the randomized order determined before the trials.

Before the trial with unfatigued condition, subjects were instructed to warm
up as they would for a training session. After following 5 min resting period,
subjects were asked to shoot the ball as fast as possible to the entire goal
area without target to measure the speed of the ball as optimum ball speed
reached by the subjects. Within 10 minutes after the completion of the
maximal shooting experiment, the accelerometer was mounted on the

subjects wrist and the shooting trials were initiated.
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Figure 6. Shooting to target

A total of 16 shots were completed by each participant four times for each of
four target locations. Participants were instructed that their feet had to remain
in contact with the ground just behind the 7-m line and for using correct
techniqgues and shooting with optimum velocity during the sixteen
consecutive trials. Between each trial, there were 3 seconds for the subject to
handle the ball given by a designated people standing one meter away from
the subject and to be ready to react for the next visual stimulus in
standardized shooting position. Accurate and inaccurate shots, shooting

velocity of all shots and success of the target regions were recorded also.
3.2.1.3. Measurement of ball speed
Ball velocity was measured by a Sports Radar Gun (SR 3600, USA). The

height of the radar gun was adjusted individually according to the player’'s

throwing arm height. The velocity of ball recorded as km.h™.
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Figure 7. Radar Gun

3.2.1.4. Response time measurement

Response time was operationally defined as the time difference between the
onset of light trigger signal and the point where the peak acceleration was
reached at x-axis. Thus, response times were calculated for each shooting
action by using synchronized recordings of acceleration and light trigger

signals (Figure 8).

response time — acceleration signal
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Figure 8. representation of response time according

to visual stimulus and acceleration signal.

3.2.1.5. 30-15 Intermittent Fitness Test

30-15r consist of 30 second shuttle runs interspersed with 15 second

passive recovery periods. Velocity was set equal to 75% of vWO2max values
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of subjects’. Initial velocity range from one subject to another depending on
the differences on VO2max values of each subject for the first 30 second run
and was increased by 0.5km.h™ every 45 second stage thereafter. The 30-
15IFT was performed over a 40m shuttle distance, within which the subject
had to run back and forth at a pace governed by a prerecorded beep, so that
at each short beep sound the subjects should be within 3m zones at each
extremity or in the middle of the course. During the 15s recovery period,
athletes walked in the forward direction to join the closest line from where
they started the next stage from a standing position. Exhaustion was defined
as the inability to match the covered distance with the audio signal on three
consecutive occasions, or until 90% of maximal heart rate of the subject. The
last completed stage (VIFT) was used to predict VO2max using the equation
below, proposed by (Buchheit et.al., 2009; 2010).
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Figure 9. 30-15 Intermittent Fitness Test

3.2.1.6. Blood Lactate Concentration Measurement

La measurements repeated at the beginning and at the end of the 30-15,r

test with same measurement method which was done at laboratory test.
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3.2.1.7 Acceleration measurement

A tri-axial accelerometer (SS27L, +50g range, Biopac, USA) was attached on
the extensor retinaculum (dorsal carpal ligament) located on the back of the
wrist, just proximal to the subjects' hands where x, y and z axis correspond,
respectively to lateral (X, from right to left), horizontal (Y, from back to
forward) and vertical (Z, from up to down) directions of the subjects’ forearm
(Figure 9). Double sided adhesive tape and elastic straps were used to fix the
accelerometer to avoid undesired movement due to skin movement/vibration
artifacts at best. The tri-axial (x, y, and z) recording of the acceleration data
was started before the initiation of the sixteen consecutive trials. Acceleration
signals were acquired using an analog-to-digital converter card (USB-
1608FS, Measurement Computing, USA) at a sample rate of 1000 Hz per

channel.

Figure 10.a) A tri-axial accelerometer mounted on wrist and

Y

Figure 10. b) Three orthogonal directions (X, Y, Z)
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Normalization procedures

The normalization procedure for each axis of acceleration data consisted of
three stages. In the first stage, the mean value of the first 100 ms of
acceleration signal recording at a resting condition was subtracted from the
whole signal, such that during the initial resting condition of the wrist, the
acceleration signal would be at zero, indicating no acceleration. Secondly,
the whole signal was divided by a constant value according to the sensitivity
characteristics of the accelerometer, to be able to represent the values in
terms of Earth’s gravity (g). Finally, normalization along the time axis was
performed by shifting data such that the maximum instants get overlapped.
The resultant 2 to 4 by 400 acceleration matrices (g vs. ms) corresponding 2

to 4 trials of each subject were used in further calculations.

Total Acceleration Vector

The acceleration pattern of the elbow during shooting a ball has three
dimensional space, therefore the total acceleration vector (Acctotal)
combined from three orthogonal directions (X,y,z-axes) was computed for
each shot. The root mean square of each accelerometer axis signal is
calculated in real time (equation 1) and vector sum of all three axes were
used as total acceleration vector in order to use in comparisons between
throwing patterns per target for successful or unsuccessful shots in pre
fatigue and post fatigue conditions.

2 2 2
Acc =.,la, +a, + a;
total X ¥ z

(Equation 1)

Calculation of consistency

Each of shots completed by each participant four times at each of four target
locations was used for consistency calculation. Consistency defined as the

mean of standard deviations (mSD) of total acceleration vectors per target
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(i.e. mean of standard deviations of 2 to 4 shots for each of four targets). The

equation of mSD, the consistency score, is;

\/Z (E, _Ef)3
mSD =

i=1 j=1

m.n.max(k,)
(Equation 2)

Where m(=400) is the number of temporal points (400 msec before and after
the peak), n is the number of acceleration epochs (accepted trial count
between 2 and 4), Eij is the value of the jth in total acceleration signal at time

epoch i, i E is the value of averaged acceleration waveforms at time epoch i.

mSD measures similarity of acceleration waveforms so that zero indicates
exactly the same waveforms, corresponding to “no variability” or "maximum
consistency" between the shots. If similarity decreases mSD increases
(corresponding to higher variability or lower repeatability). The logic behind
mSD is the same as standard deviation (i.e., mSD is a logical extension of
“SD of one channel signal” to “SD of multichannel signal”) and amplitude
normalization (it is further divided by number of signal points, m-times-n and
maximum amplitude of m-by-n acceleration matrix signal, Eij) (Arpinar-Avsatr,
Soylu, 2010). The aim of the last amplitude normalization was to make the
consistency measure (mSD) independent from the signal length, trial count,
or the peak acceleration reached by the subject. Furthermore, similar to
employing the maximum voluntary contraction for normalization procedures
in surface electromyography, this amplitude normalization in acceleration
signals also makes each repeatability measure comparable between

subjects.
The sample representation of total acceleration vector obtained for

successful and unsuccessful trials for pre fatigue conditions are illustrated in
Figure 11 (a and b).
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Figure 11.a) Successful shots per target (Acctotal)
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Figure 11.b) Unsuccessful shots per target (Acctotal)
(red:target 1, pink: target 2, black: target3, blue: target 4)
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3.2.1.8 Response Time measurement

Response time was operationally defined as the time difference between the
onset of light trigger signal and the point where the peak acceleration was
reached at x-axis. Thus, response times were calculated for each shooting
action by using synchronized recordings of acceleration and light trigger

signals.

3.3. Data Analysis

Descriptive statistics (meant, SD) were presented. Paired sample t-test was
applied for differences between pre-fatigue and post-fatigue conditions in
terms of shooting accuracy, ball speed and wrist acceleration. Regression
analysis is used for determine the correlation accurate and inaccurate shot
values together with shooting consistency, ball speed, acceleration of wrist at
X,Y,Z axis.
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CHAPTER IV

RESULTS

The independent variable of the study consisted of time (pre-fatigue and post

fatigue). The dependent variables of the study were velocity, accuracy and

movement pattern.

The descriptive statistics for HR, VO.max, La, Running time and Running

Velocity values acquired from treadmill and field tests were presented in

Table 3.

Table 3. Descriptive Statistics of HR, VO,max, LA, Running time and
Running Velocity Values Acquired from Treadmill

comparatively

and Field Tests

Treadmill Field Test

Variables Mean Std Mean Std

Dev. Dev.
Max Heart Rate (bpm) 202.88 1.74 202.88 1.74
Running time (min) 23.33 2.93 13.48 1.31
Initial Velocity (km™h) 9 0 10.37 0.38
Ending Velocity (km™h) 14.75 0.85 16.59 0.87
Initial LA (mmol/L) 1.16 0.22 1.46 0.30
Ending LA (mmol/L) 7.21 1.60 6.68 1.34
Initial Heart Rate (bpm) 77.13 8.94 75.41 8.24
Ending Heart Rate (bpm) 190.38 6.57 191.75 9.47
Initial VO, (ml/kg/min) 31.64 6.21
Ending VO, (ml/kg/min) 50.03 8.66 44.38 1.79
Optimum Shoot Vel (km™h) 77.60 5.69
Optimum Shoot Vel (km™h) %80 62.06 4.65
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Results showed that running time in treadmill was sharply higher than
running time in 30-15t test. On the other hand, the values of ending LA and
ending VO, in 30-15¢t test were lower than treadmill test. In addition to

these, HR was similar for both tests.

It was shown that shooting accuracy was not changed with fatigue condition.
(Table 4).

Table 4. Paired sample t-test results for differences between accurate and
inaccurate shots total points of handball players (n=16) during pre-fatigue

and post-fatigue protocols.

Measurement Mean Sd T P
Accurate Pre-test 5.31 2.08

-.83 415
Accurate Post-test 5.87 2.06
Inaccurate Pre-test 10.68 2.08

.76 459
Inaccurate Post-test 10.18 1.97

Table 4 results showed that there was no significant differences between pre-
fatigue and post-fatigue protocols in terms of accurate and inaccurate shots
(p>0,05). According to this result, accurate and inaccurate shooting

performance has not been affected by fatigue.

Results showed that inaccurate shots at the Y axis were affected by fatigue
protocol (Table 5).
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Table 5. Paired sample t-test results for significant differences among X, Y, Z
axis values of wrist acceleration during shooting to target in pre-fatigue

protocol and post-fatigue protocol.

Measurement (msec) Mean Sd T p
Xpre-accurate 36.05 4.25 1.13

-1.40 - 184
Xpost-accurate 37.24 3.87 1.03
Xpre-inaccurate  36.11 3.71 .99

-1.76 101
Xpost-inaccurate  37.35 4.19 1.11
Ypre-accurate 33.25 4.63 1.23

-.62 542
Ypost-accurate 33.81 3.82 1.02
Ypre-inaccurate 33.12 4.40 1.17

-2.25 .042*
Ypost-inaccurate  34.50 4.56 1.21
Zpre-accurate 3.43 1.67 44

1.47 163
Zpost-accurate 2.68 1.22 .32
Zpre-inaccurate 3.45 1.30 .34

_ .54 597
Zpost-inaccurate  3.22 131 .35
*P<.05

According to Table 5 for X, Y, Z axis values of wrist acceleration during
shooting to target before and after fatigue protocol; there was a significant
difference on inaccurate shooting values at Y axis [t(15)= -2.25, p<0.05]. In
light of the foregoing, fatigue protocol applied to players was affected
accelerated motion at Y axis in the value of shooting accuracy. Accurate and
inaccurate shots at the X and Z axis were not affected by fatigue protocol
(p>0.05).
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Ball speed in accurate and inaccurate shots were not affected by fatigue.

(Table 6).

Table 6. Paired sample t-test for ball speed values between accurate (n=16)

and inaccurate shots (n=16) before and after fatigue protocols.

Measurement Mean Sd T p
Accurate Pre-test 66.75 5.83

-.40 .693
Accurate Post-test 67.02 4.66
Inaccurate Pre-test 66.94 5.95

-.76 458
Inaccurate Post-test 67.48 4.48

According to Table 6, there was no significant difference between before and

after fatigue protocols in terms of ball speed in accurate and inaccurate shots

(p>0.05). It is thought that ball speed in accurate and inaccurate shots were

not affected by fatigue.

Shooting consistency has significant effects on shooting accuracy. Other

variables have not important effects on shooting accuracy (Table 7).
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Table 7. Results of regression analysis for prediction of accuracy points of

handball players (n=16) before fatigue protocol (Mean=5.66+1.49).

Variables B Std B T p Part
Error

Constant -4.22 7.94 -53 .617

SCon 4243.20 2045.42 .86 2.07 .043 41

(Mean=.0019+£.0003)

Ball speed 14 A2 .52 1.15 301 -.19

(Mean=68.18+5.59)

Response time 1.58 1.30 .36 1.21 .278 .34

(Mean=1.28+.34)

Xpre-accurate -.25 15 -69 -166 157 -31

(Mean=36.40%4.11)

Ypre-accurate -.03 A5 -.10 -22 .831 -41

(Mean=33.9314.59)

Zpre-accurate .10 .35 A1 .29 782  -.16

(Mean=3.4311.60)

R=.78 R°=.62

F.15=1.37 p=.037

Note: SCon= Shooting consistency

According to the results of Table 7 it was seen that, there was significant and
high correlation in accurate shot values together with shooting consistency,
ball speed, acceleration of wrist at X, Y, Z axis before fatigue protocol
(R=.78, R2=.62). Variables which take placed above explained 62% of total

variance.

According to standardized regression quotient, (B) relative priority of
predictive variables on shooting accuracy; shooting consistency, exchange
on X axis, ball speed, response time, exchange on Z axis and Y axis. When
the results of t-test for significant of regression quotient it was seen that only
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variable of shooting consistency has significant effects on shooting accuracy.

Other variables have not important effects on shooting accuracy.

Ball speed has significant effect on shooting inaccuracy (Table 8).

Table 8. Regression analysis results for prediction of inaccurate shots before

fatigue protocol (Mean=10.78+1.88).

Variables B Std B T p Part
Error

Constant 32.16 8.24 3.90 .005

SCon -2333.09 1208.89 -52 -1.93 .442 -.04

(Mean=.0021+.0004)

Ball speed -.46 A2 -1.18 -3.65 .006 -.37

(Mean=67.26+4.87)

Xpre-inaccurate 27 .20 45 1.34 217 .21

(Mean=36.11£3.71)

Ypre-inaccurate .08 .23 .20 37 .718 .18

(Mean=33.12+4.40)

Zpre-inaccurate 44 .52 .30 .83 428 .06

(Mean=3.4511.30)

R=.80 R°=.64

F=(6,15=2.90 p=.038

Note: SCon= Shooting consistency

Table 8 showed that, there is a significant and high correlation in inaccurate
shots values together with shooting consistency, ball speed, acceleration of
wrist at X, Y, Z axis of handball players before fatigue protocol (R=,80 R*=
.64). Variables that are mentioned above explained 64% of total variance.

According to standardized regression quotient (B), relative priority of

predictive variables on shooting accuracy; ball speed, shooting consistency,
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exchange at X axis, exchange at Z axis, and exchange at Y axis. When the
results of t-test for significant of regression quotient examined it was seen
that ball speed have significant effect on shooting inaccuracy. Other variables

have no effects on shooting inaccuracy.

None of variables affected accurate shot values (Table 9).

Table 9. Regression analysis results for accurate shots after fatigue protocol
(Mean= 6.25+1.91).

Variables B Standard B T p Part
Error

Constant 29.73 13.48 2.20 .079

SCon -1022.74 1601.59 -.29 -.63 551 -.16

(Mean=0022+0005)

Ball speed -.15 15 -.37 -1.05 .340 -.63

(Mean=68.0514.48)

Response time -.13 .20 -.28 -.67 529 -.56

(Mean=1.33150)

Xpost-accurate .07 1.74 .02 .04 966 .44

(Mean=37.12 £3.97)

Ypost-accurate -.16 24 -.28 -.65 540 -.65

(Mean=33.36 £3.33)

Zpost-accurate .00 74 .00 .00 994 -.15

(Mean=2.59 +1.23)

R=.79 R’=.63

F=(6,15=1.46 p=.034

Note: SCon= Shooting consistency

Table 9 showed that, there is a significant and high correlation in accurate
shot values, together with shooting consistency, response time, ball speed,
acceleration of wrist at X, Y, Z axis after fatigue protocol (R=.79, R*=.63).

Variables that are mentioned above explained 63% of total variance.
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According to standardized regression quotient (B), relative priority of
predictive variables on shooting accuracy; ball speed, shooting consistency,
response time, and exchange at Y axis, exchange at X axis, and exchange at
Z axis. When the results of t-test for significant of regression quotient

examined, none of variables have important effects on accurate shot values.

None of variables affected inaccurate shot values (Table 10).

Table 10. Regression analysis results for inaccurate shots after fatigue
protocol (Mean= 10.53£1.85).

Variables B Std B T p Part
Error

Constant 243 9.44 25 .804

SCon .06 14 A7 44 .668 .31

(Mean=.0022+00)

Ball speed -139.61 1513.74 -.03 -.09 929 .06

(Mean=67.6514.74)

Xpost-inaccurate -.19 27 -44 -73 489 .16

(Mean=37.72t4.11)

Ypost-inaccurate 31 .32 .64 .99 352 .36

(Mean=35.25+£3.73)

Zpost-inaccurate .05 .50 .04 A1 915 .08

(Mean=3.32+1.32)

R= .46 R°=.21

F=(6.15=.38 p=.023

Note: SCon= Shooting consistency

In Table 10 it is seen that, there is significant and moderately correlation in

inaccurate shot values together with shooting consistency, ball speed,
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acceleration of wrist at X,Y,Z axis after fatigue protocol (R=.46, R?=.21).

Variables that are mentioned above explained 21% of total variance.

According to standardized regression quotient (B), relative priority of
predictive variables on shooting accuracy; exchange at Y axis, exchange at X
axis, shooting consistency, exchange at Z axis and ball speed. When the
results of t-test for significant of regression quotient examined it was seen

that none of variables have important effects on accurate shot values.
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CHAPTER V

DISCUSSION

The aim of this study was is to investigate the effects of muscle fatigue on
shooting accuracy in male handball players. The study also attempted to
examine the effects of muscle fatigue on ball speed and wrist acceleration. In
addition, difference between accurate and inaccurate shots in terms of ball
speed was another research question. Further, this study also aimed to
investigate the correlation between ball speed, wrist acceleration, movement
pattern and shooting accuracy during shots and differences between

accurate and inaccurate shots in terms of movement pattern.

When the laboratory tests and field tests are compared with each other in
terms of running time, the values of La and VO, at the end of tests, it was
found that running time in treadmill was longer than field test but running
speed at the end was higher in 30-157. The difference of running time
between two tests can be explained by dynamics of running type. While
treadmill test was a continuous and straight-line running, 30-15r was
intermittent shuttle run rest. In addition, in treadmill test, initial velocity of all
participants’ were same (9km™h) but in 30-15 initial velocity of the test were
different according to their percentage of vWO2max values obtained from
treadmill test. In this situation some participant started to test from 10 km™h,
on the other hand some of them started from 11 km™h. Thus, running time
was short but intensity was high in 30-151 as against treadmill test. From
this point, it was seen that intermittent shuttle exercise was more intensive
than in-line running because of the nature of shuttle which contains fast

running and returns as the similar to handball game.
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When it was compared the laboratory or field test, there were another results
related to La, VO, and HR responses. While La and VO, were lower in 30-
151 6.68+1.34mmol/L) than treadmill test and La values ranging from 4.04
to 9.50mmol/L. Michalsik et al. were reported La values before the match,
after half time and at the end of the matched were 1.49+0.46mmol/L,
3.73+1.59mmol/L and 4.82+1.89mmol/L respectively, with individual post
match values ranging from 2.84 to 10.81mmol/L. Furthermore, there were no
significant differences between treadmill and 30-15kr in terms of HR
responses. In male players mean heart rate during a whole match was

reported between 75-80 % maximum heart rate (Platen, 2011; Chrosa,1999).

As an contrasting results to current study, when Dellal et.al (2010) reported
that HR and La were significantly higher when intermittent exercise at the
same intensity was performed in shuttle format compared with traditional in
line running, Zadro et.al. (2011) reported that the values of La at the end of
the intermittent test were indeed significantly reduced after specific training.
As a result, endurance protocols administered in laboratory and field
conditions caused different physiological strain at submaximal and maximal
speeds Aslan,2011).

From this point, it was seen that, because of the intensive and intermittent
nature of 30-15,r, there were intensive eccentric contraction with negative
acceleration, changing intermittent direction and positive acceleration
respectively. In 30-15,1, there were 15 seconds resting periods after every
30 second loading periods so metabolism could showed a certain time
recovery during the all resting times of shuttle. So that it affects the metabolic
responses of participants and they exhausted early than treadmill.

As a supportive study Chamari et.al (2004) reported that La at maximal
intensity exercise in treadmill was (11.6mmol/L) higher than field test
(9mmol/L). Besides testing time in treadmill was higher than field test like
current study. Haydar et al. (2011), compared original 30-151 and three
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modified protocols including either no rest (continuous) period, no change of
direction ability (COD) or a greater number of COD (28m). As a result of
study, it was reported that, there were no differences between tests. La was
lower for 30-15t.cont, Compared with 30-15,-r maximal running speed was

higher for 30-15FT1.LNE and lower for 30'15IFT—CONT, similar with 30-15eT-cop.

Contrasting findings were also obtained from the studies of Aslan et al.
(2011). They compared various endurance protocols such as treadmill,
shuttle run, circular shuttle run, modified shuttle run tests in terms of their
metabolic responses and they stated that, La responses to submaximal
running until 10km*h were similar but over 10km.*h speed, La concentration
at modified shuttle and circular shuttle run higher than treadmill test. It was
reported also, VO2max values at all running speeds similar with shuttle and
modified shuttle run tests. However, VO2 at running speed between 9 -13
km.h were higher treadmill test lower than shuttle and modified shuttle run
and higher than circular shuttle run and modified circular shuttle run tests. In
another study belongs to Edis et al. (2008) were compared field and
laboratory tests in terms of physiological responses to submaximal and
maximal exercise intensities in young soccer players. They were reported
that although resting La and resting HR similar during both tests, peak La at
laboratory were found significantly lower than field test and during the
laboratory tests, and duration of test is higher in laboratory than field test. In
our study, there was a contrasting result related with La responses so, peak

La at laboratory was found higher than field test.

These differences could be done because of the environmental factors such
as temperature, floor, running mechanism depends on test equipment which
are used in test or sports branches of participants could be effective for
create differences between laboratory and field tests. The studies were

mentioned above were on soccer players but we studied on handball players.
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While setting the fatigue protocol, it was used 75% of VO, max values of
each participant in order to set relative fatigue protocol for each player in
contemplation of being conditional differences of players. Michalsik et al
(2011), stated relative work load during match-play on average 70.85+6.00 %
of VO,max for elite team handball players and they also added individual
variations in relative work load were observed, since players showed
transient periods with a relative work load corresponding over 90 % of
VO2max, while at other times they performed with a load below 50 % of

VOsmax.

As a results of current study it was determined the mean values of VO,max
as 50.03 £8.66 ml/kg/min in treadmill test and 44.38 +£1.79 ml/kg/min in field
test. Many researches in literature were reported VO2max values of male
handball players such as 55.23+4.12ml/kg/min (Michalsic et al, 2011a),
50.41+4.60 ml/kg/min, 47.5+4.8 (Michalsic et al, 2011b).

The main result of this study was there were no significant differences
between pre-fatigue and post-fatigue protocols in terms of accurate and
inaccurate shots. In other words, accurate and inaccurate shooting
performance has not been affected by fatigue. According to related literature
about match profiles of team handball, effective playing time for the whole
match was reported approximately over 70% of total effective playing time
(Michalsik, 2011) and number of attack (57.5+3.8) and mean time of one
attack (23.0+1.9sec.) were reported (Platen et al., 2011) also. From that
point, it can be explained that players have to shot many times during the
whole match accurately and without being obstructed by the opposing
defensive players and they also have to cope with fatigue as a result of highly
intensive game situation. In that conditions, coaches and players have been
designed and performed such a training that combined all these factors
mentioned above directly related to success. So a team-handball player has
to perform various kinds of shots many times in training sessions even

though more than competition condition. If it was thought that players always
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suffer from fatigue both in training and match environment with different
levels of intensity. In addition to learning effects of test procedures, players
accustomed to fatigue conditions to both training and match environments
could be reason not to affect from fatigue in shooting accuracy. Enoka (1995)
was reported that unless athletes were highly motivated, most individuals
terminate exercise before their muscles are physiologically exhausted so elite
athletes highly motivates themselves especially for match condition and
although they reached fatigue in a way they can continue their performance

at top as long as possible.

Silva et al. (2004) reported that the standing shooting performance was not
affected by fatigue as a supporter study. Uygur et al. (2010) also supported
the current study and the results of their study demonstrated that, fatigue did
not affect free throw shooting kinematics in collegiate level basketball

players.

Wrist motion at Y axis was increased for inaccurate shots after fatigue
protocol [t(15)= -2,259, p<0,05]. However X and Z axis were not affected by

fatigue for inaccurate shots.

Present results showed that, there were no changes in ball speed values
between pre and post fatigue protocols. Throwing ball velocity in team
handball is a very important component contributing to the success of the
game (Zapartidis, 2009). There are many studies about shooting velocity in
team handball and set shot velocities were represented 92,8+5,3 km.h™
(Michalsik et al, 2011), 83.5+7.8 km.h''; 88.4+8.2 km.h™* (Pori,2011),
70.72+7.0 (Zapartidis, 2009).

Laffaye (2011) stated that the time allotted to ball throwing velocity is a large
part of the training program and coaches based their training program on an
accurate analysis of the ball throwing technique. Because of these training
programs allows a gain velocity of 2 to 6.9 %. Van den Tillar (2004) advised
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that throwing velocity could be enhanced only if the training program consists
of at least three trainings per weeks for five weeks, to be efficient, the training

program based on individual parameters such as players’ experience.

According to the results of pre-fatigue conditions; while there was seen
significant and high correlation (R=,789, R?=,622) in accurate shots
(Variables explained 62% of total variance). Shooting consistency has an
effect on accurate shots. Also there was also seen significant and high
correlation (R=,803 R?= ,645) in inaccurate shots (Variables explained 65%
of total variance) together with shooting consistency, ball speed, acceleration

of wrist at X, Y, Z axis. Ball velocity has effect on inaccurate shots.

According to the results of post-fatigue conditions; while there was seen
significant and high correlation (R=,798, R2=,637) in accurate shots
(Variables explained 64% of total variance). None of variable has effect on
accurate shots. There was also seen significant and moderately correlation
(R=,465 R?= ,217) in inaccurate shots (Variables explained 22% of total
variance) together with shooting consistency, ball speed, acceleration of wrist

at X, Y, Z axis. None of variable has effect on inaccurate shots

It was observed that shooting consistency and ball velocity have important
role in shooting accuracy in pre-fatigue conditions. In other words, when
players use similar kind of shooting technique, it was seen an increase at
accuracy level and when players use faster shots it was seen decrease in
accuracy level. This situation was not a surprised and it can be explained by
Fitts’ law suggested that there was a trade between speed and accuracy.
When speed is emphasized, accuracy is reduced (Kluka, 1999). In the post-
fatigue condition, none of variable affects accuracy. Players should maintain
the potential of the optimal output in ball velocity and accuracy in shooting
during the game and reported data refers that throwing effectiveness is
significantly affected by time, as aiming accuracy gradually decreases
(Zapartidis et al, 2007).
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On the other hand, the acceleration of wrist showed a difference between
pre-fatigue and post-fatigue conditions. In pre-fatigue conditions, right to left
motion of wrist (X axis) was the most important motion, then Z axis (up to
down) and Y axis (back to forward) accompanied respectively. However,
after fatigue condition, priority of X and Y axis was changed places and back
to forward motion (y axis) was became more important than right to left
motion. Players were tent to change their throwing movement and did back to
forward motion more forcefully than right to left motion as a result of fatigue
condition. It can be explained by players should be preferred performing
movement more easily or economically. Although the effects of fatigue

reaching goal could be easiest after fatigue condition.

This study was limited to whole body fatigue protocol, it is recommended that
research set up can be performed by using local fatigue protocol consist of

sport specific movement.
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CHAPTER VI

CONCLUSION

There were many researches which were aimed to develop performance.
Shooting effectiveness and accuracy are the critical points of performance in
team handball for reaching best result. Current study investigated the effects

of fatigue on shooting accuracy.

At the end of the study, as a main result, no significant differences were
found between pre-fatigue and post-fatigue protocols in terms of accurate

and inaccurate shots.

According to the results shooting consistency, ball speed, response time, X,
Y, Z axis of wrist acceleration variables highly correlated each other in terms
of shooting accuracy both in pre and post fatigue conditions. Shooting
consistency has an effect on accurate shots. Ball velocity has effect on
inaccurate shots in pre-fatigue condition. However, none of variable has

effect on accurate and inaccurate shots in post-fatigue conditions.

On the other hand, the acceleration of wrist showed a difference between
pre-fatigue and post-fatigue conditions. In pre-fatigue conditions, right to left
motion of wrist (X axis) was the most important motion, back to forward

motion (y axis) was became more important in post fatigue condition.
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APPENDICES

APPENDIX A

GONULLU KATILIM (BILGILENDIRILMIS ONAY) FORMU

Degerli katilimci;

Bu calisma Orta Dogu Teknik Universitesi Beden Egitimi ve Spor Bélimii
Egzersiz Fizyolojisi Anabilim Dali Doktora programi bitirme tezi kapsaminda
yapilacak olup calismada, kas yorgunlugunun hentbol oyuncularinin sut

isabetine etkisinin incelenmesi amaclanmistir.

Calismada, yorgunluk protokolu oncesi, yorgunluk protokoli ve yorgunluk
protokoll sonrasi uygulamalar yapilacaktir. Uygulamalar iki bolumden
olusacak ve bu bolimler katilimciya uygun olan iki farkli ginde yapilacaktir.
Her boélumadn sdresi, sporcularin kondisyon durumuna bagli olarak degisiklik
goOstermekle birlikte yaklasik 30 dakika olmak Uzere toplam sure yaklasik 60
dakika olarak tahmin edilmektedir. Yorgunluk oOncesi test protokolinde,
sporcular gaz analizoru bagli olan bir kogu bandina alinacaklar ve yuze gaz
analizérinin maskesi, gégse nabiz odlgcer saate ait gogus bandi ile kola
nabzin takip edilecegi nabiz dlger saat takilacaktir. Katilimcilar 8km/saat
hizla kosu bandinda kosmaya baslayacak ve her 3 dakikada kosu bandi
durdurularak hiz 1km/saat artirilacaktir. 3 dakikalik strelerin bitimindeki her
arada baglangicgta lanset ile bir kez delinecek olan kulak memesinden 25 pl
miktarinda kan alinacaktir. Kulak memesinden kan alim islemi sirasinda
katihmci aci hissetmeyecektir. Alinan kan, hi¢ bekletimeden ve bagka
herhangi bir islem gormeden, iglenmesi igin bir laktik asit analizorine
nakledilerek sporcularin laktat esikleri tespit edilecek, boylece sporcularin

yorgunluga ulastiklari nokta belirlenecektir. Sporcular tukendiklerini
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hissettikleri zaman kosmay! birakacaklardir. Bu zaman zarfinda kosu
bandina bagli gaz analizéri tarafindan sporcularin oksijen tiketim
kapasiteleri saptanacak ve uzerlerine takili olan kalp atim hizi monitoru
vasitasiyla da kalp atim hizlari takip edilecektir. Bu bdlimden elde edilecek
olan verilerden yola gikarak her sporcuya kendilerine ait bireysel yorgunluk

protokolU olugturulacaktir.

ikinci uygulama giniinde oncelikle sporcular standart hentbol kalesine, 3
numara hentbol topu ile 5 kez hedef olmaksizin sut atacaklar, buradan
maksimal atig hizi, el bilegi ve dirsekteki referans noktalarina baglanmis olan
bir ivme Olger vasitasiyla atis sirasindaki kolun ivmelenmesi belirlenecektir.
Sonrasinda sporcular kendileri i¢in hazirlanmis olan yorgunluk protokol
cergcevesinde mekik kosusu kogsmaya baslayacaklardir. Tukendikleri zaman
kosuyu birakacaklar ve hemen akabinde 1 kez yapilacak olan laktik asit
Olgimu biter bitmez sut atislarina gecgeceklerdir. Sporcular kalenin dort
koésesinde yer alan 50X50 cm boyutundaki hedeflere maksimal hizla dérder
defa ve rastgele siralamayla atis yapacaklar (toplam 16 atis), atislar

esnasinda kolun ivmelenmesi ve topun hizi dlgulecektir.

Calisma sonrasinda elde edilecek verilerden yola ¢ikilarak hentbol sporunda
basariya ulasmada 6nemli rol oynayan sut isabetinin, atis hizinin ve kolun
ivmelenmesiyle ortaya c¢ikan hareket paterninin yorgunluktan ne kadar
etkilendigi ve sporcunun atis teknigini etkileyip etkilemedigi belirlenerek
yapilacak olan antrenman programlarina isik tutacagi kanaatindeyiz.

Calisma suresince katilimcilar higbir surette potansiyel bir riske maruz
kalmayacaklardir. Ayrica galismaya katilim goénullilik esasina dayalidir ve
katilimci istedigi zaman her hangi bir sebep gostermeksizin arastirmadan
cekilebilir ve boyle bir durumda her hangi bir olumsuz sonugla karsilasmaz.
Katilimcilarin kisisel bilgileri ve ¢alisma esnasinda ¢ekilecek video goruntuleri

0zenle korunacak ve galisma disinda herhangi bir yerde kullaniimayacaktir.
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Gonullinun beyani:

Arastirmaci Beyza SIMSEK tarafindan Orta Dogu Teknik Universitesi Beden
Egitimi ve Spor BélimU Egzersiz Fizyolojisi Anabilim Dali Doktora programi
bitirme tezi kapsaminda bir arastirma yapilacagi belirtilerek bu arastirma ile
ilgili yukaridaki bilgiler bana aktarildi. Bu bilgilerden sonra bdyle bir

arastirmaya “katilimc1” (denek) olarak davet edildim.

Egder bu arastirmaya katilirsam arastirma sonuglarinin bilimsel amaglarla
kullanimi sirasinda Kkisisel bilgilerimin 6zenle korunacadi konusunda bana

yeterli glven verildi.

Calismanin yudritilmesi sirasinda herhangi  bir sebep gdstermeden
arastirmadan c¢ekilebilirim. (Ancak arastirmacilari zor durumda birakmamak
icin arastirmadan c¢ekilecegimi 6nceden bildirmemim uygun olacaginin
bilincindeyim) Bu arastirmaya gonulli olarak katiliyorum. Aragtirmaya
katiimam konusunda zorlayici bir davranigla karsilasmis degilim. Eger
katilmayi1 reddedersem, herhangi bir olumsuz sonugla karsilagsmayacagimi
biliyorum. Arastirmayla ilgili herhangi bir sorun yasarsam bahsi gecgen

arastirmaciyla iletisime gegebilecegimi biliyorum.
Bana yapilan tum aciklamalari ayrintilariyla anlamis bulunmaktayim. Bu

arastirmada “katihmci” (denek) olarak yer alma kararini aldim. Bu konuda

yapilan daveti gonulltlik igerisinde kabul ediyorum.

Ad-Soyad Tarih imza



APPENDIX B

EBEVEYN ONAY FORMU

Veli Onay Mektubu
04.08.2012
Sayin Veli,
Orta Dogu Teknik Universitesi, Beden Egitimi ve Spor Boéliimiinde doktora
dgrencisiyim.Bu galisma Orta Dogu Teknik Universitesi Beden Egitimi ve
Spor Bolumu Egzersiz Fizyolojisi Anabilim Dali Doktora programi bitirme tezi
kapsaminda vyapilacak olup c¢alismada, kas yorgunlugunun hentbol

oyuncularinin sut isabetine etkisinin incelenmesi amacglanmistir.

Calismada, yorgunluk protokolu oncesi, yorgunluk protokoli ve yorgunluk
protokoll sonrasi uygulamalar yapilacaktir. Uygulamalar iki bolumden
olusacak ve bu bdlimler katilimciya uygun olan iki farkli ginde yapilacaktir.
Her bolimuan suresi, sporcularin kondisyon durumuna baglh olarak degisiklik
goOstermekle birlikte yaklasik 30 dakika olmak Uzere toplam sure yaklasik 60
dakika olarak tahmin edilmektedir. Yorgunluk oOncesi test protokolinde,
sporcular gaz analizort bagli olan bir kosu bandina alinacaklar ve yuze gaz
analizérinin maskesi, gégse nabiz odlgcer saate ait gogus bandi ile kola
nabzin takip edilecegi nabiz odlger saat takilacaktir. Katilimcilar 8km/saat
hizla kosu bandinda kosmaya baslayacak ve her 3 dakikada kosu bandi
durdurularak hiz 1km/saat artirilacaktir. 3 dakikalik surelerin bitimindeki her
arada baglangigta lanset ile bir kez delinecek olan kulak memesinden 25 pli
miktarinda kan alinacaktir. Kulak memesinden kan alim islemi sirasinda
katihmci aci hissetmeyecektir. Alinan kan, hi¢ bekletimeden ve bagka

herhangi bir iglem goérmeden, islenmesi igin bir laktik asit analizOrine
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nakledilerek sporcularin laktat esikleri tespit edilecek, bdylece sporcularin
yorgunluga ulastiklari nokta belirlenecektir. Sporcular tikendiklerini
hissettikleri zaman kosmayi birakacaklardir. Bu zaman zarfinda kosu
bandina bagli gaz analizéri tarafindan sporcularin oksijen tuketim
kapasiteleri saptanacak ve uUzerlerine takili olan kalp atim hizi monitori
vasitasiyla da kalp atim hizlari takip edilecektir. Bu bolumden elde edilecek
olan verilerden yola ¢ikarak her sporcuya kendilerine ait bireysel yorgunluk

protokolU olusturulacaktir.

ikinci uygulama giiniinde dncelikle sporcular standart hentbol kalesine, 3
numara hentbol topu ile 5 kez hedef olmaksizin sut atacaklar, buradan
maksimal atis hizi, el bilegi ve dirsekteki referans noktalarina baglanmis olan
bir ivme Odlger vasitasiyla atis sirasindaki kolun ivmelenmesi belirlenecektir.
Sonrasinda sporcular kendileri i¢in hazirlanmig olan yorgunluk protokolu
cercevesinde mekik kogusu kogsmaya baslayacaklardir. Tukendikleri zaman
kosuyu birakacaklar ve hemen akabinde 1 kez yapilacak olan laktik asit
OlcimU biter bitmez sut atiglarina gececeklerdir. Sporcular kalenin dort
kosesinde yer alan 50X50 cm boyutundaki hedeflere maksimal hizla dorder
defa ve rastgele siralamayla atis yapacaklar (toplam 16 atig), atislar

esnasinda kolun ivmelenmesi ve topun hizi olgulecektir.

Calisma sonrasinda sporcularin fizyolojik kapasitesi hakkinda bilgi sahibi
olunacak, ayrica hentbol sporunda basariya ulasmada onemli rol oynayan
sut isabetinin, atis hizinin ve kolun ivmelenmesiyle ortaya ¢ikan hareket
paterninin yorgunluktan ne kadar etkilendigi ve sporcunun atis teknigini
etkileyip etkilemedigi belirlenmeye calisilacaktir. Katilim sonunda, elde edilen
sonuglar takim antrendruyle paylasilacak olup bu bilgiler 1s1ginda yapilacak
olan antrenman programlarinda sporcu ve antrenor lehine olumlu katki
saglayacagi dusunulmektedir.

Calisma suresince katilimcilar higbir surette potansiyel bir riske maruz
kalmayacaklardir. Ayrica galismaya katilim gonullilik esasina dayalidir ve

katilimci istedigi zaman her hangi bir sebep gostermeksizin arastirmadan
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cekilebilir ve bdyle bir durumda her hangi bir olumsuz sonugla karsilagsmaz.
Katilimcilarin kisisel bilgileri ve ¢alisma esnasinda c¢ekilecek video goruntuleri
Ozenle korunacak, arastirmaci diginda hi¢ kimse tarafindan gértlmeyecek ve

¢alisma disinda herhangi bir yerde kullaniimayacaktir.

Bu galismada katilimci olunabilmesi igin veli onayinin yani sira, velisi olunan

¢ocugun kendi gonullalugu de bir on sarttir.

iiginiz icin Tesekkiirlerimi Sunarim
Beyza SIMSEK
Tel: (505) 886 66 03

e-posta: beyzasimsek@hotmail.com

Yukarida aciklamasini okudugum calismaya, oglum

'nin katihmina izin veriyorum.

Ebeveynin:
Adi, soyadi:
imzasi:

Tarih: .....[J.....[.....

Cocugunuzun katilimi ya da haklarinin korunmasina yonelik sorulariniz varsa
ya da ¢ocugunuz herhangi bir sekilde risk altinda olabilecegine, strese maruz
kalacagina inaniyorsaniz Orta Dogu Teknik Universitesi Etik Kuruluna (312)

210-37 29 telefon numarasindan ulagabilirsiniz
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koot sl AobadoraNaiecistint MIDDOLE EAST TECHNICAL UNIVERSITY

DUMLUPINAR SBULVARI 006300
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www. Ueam, metu eduts

-
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Gonderilen:  Prof, Dr. Feza Korkusuz
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Gonderen :  Prof. Dr. Canan Ozgen
IAK Basgkan Yardimcisi
ligi : Etik Onay
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Prof.Dr. Canan OZGEN
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( UEAM ) Bagkam
ODTU 06531 ANKARA
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APPENDIX D

TURKISH SUMMARY

HENTBOL OYUNCULARINDA KAS YORGUNLUGUNUN
ATIS ISABETINE ETKISI

1. GIiRiS

Hentbol aralikh yuksek siddet ve viucut temasi ayni zamanda aerobic
ve anaerobic performans gerektiren koordine bir spor dalidir (Chelly,
2011; Buchheit et.al., 2009; Buchheit and Leprette, 2009; Delamarche,
1987; Rannau, 2001). Hentbol icerisinde agirlikli olarak motor beceri,
hizli kosular, sigrama, esneklik ve atis hizi barindirir ki bu da takim
performansinietkileyen  6nemli unsurlardir (Gorostiaga, 2006;
Zapatrtidis et al., 2009).

Paslasma ve yakalama hentbolde top kontroli igin en onemli
bilesenlerdir. Atak basarisi, takimin topu bir oyuncudan digerine hizli
ve isabetli bir sekilde iletebilme yetenedi ile ilintilidir. Isabetli paslar
takim oyununun devamini saglar ve defans oyuncusu Uzerindeki
baskiyl devam ettirerek her bir atak oyuncusuna skor yolunu acgar
(Clanton & Dwight, 1997).

2. YONTEM

Onalti elit gengerkek hentbol oyuncusu galismaya gonulli olarak
katilmiglardir. Tum katilimcilar ve onlarin ebeveynleri  calisma
proseduru, olasi riskler ve rahatsizliklar hakkinda bilgilendirilmis olup
kendileri testler oncesinde gonulli katilim formu ve ebeveyn onay
formunu imzalamiglardir. Calisma Orta Dogu Teknik Universitesi Etik

Kurulu tarafindan onaylanmigtir.
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Table 2. Katilimcilarin yas, antrenman yasi, boy uzunlugu, vucut

agirhgi ve vucut yag yuzdelerine iligkin betimleyici istatistik.

Degisken Mean Std.Dev
Yas (yil) 17.12 1.74
Antrenman yagi (yil) 9 1.41
Boy uzunlugu (cm) 185.26 7.17
Vucut agirhgr (kg) 78.93 11.07
Yag yuzdesi (%) 9.73 3.20
BKi(kg/m2) 22.92 2.26

Not: BKi= Beden kitle indeksi

Calisma laboratuvar ve saha calismasi olmak Uzere iki kisimdan
olusmustur. Her katilimci laboratuvar veya spor salonunu bir kez
ziyaret etmis olup Olgimler gunun sabah  saatlerinde
gerceklestirilmistir. ilk giin5, ikinci giin 5 ve son giin 6 katilimci testlere
katilmis olup testler yaklasik 30 dakika surmustir.Laboratuvar ve saha
testleri arasinda 48 saat ara verilmistir. Tum testler 6 gun iginde

tamamlanmigtir.

Calisma dizaynina goére katihmcilar once laboratuvar testlerine
katilmiglardir. Laboratuvar testleri boy uzunlugu, vicut agirlidi, vicut
yag yuzdesi, kalp atimi takibi, kan laktat konsantrasyonu oOlgimu ve
kosubandinda kosu testi ve buradan elde edilen maksimal oksijen
tuketimi (VO,max) testlerini icermektedir. Katilimcilarin boy uzunluklari
+ 1mm hassasiyet derecesinde &lgim yapabilen Holtain marka
stadiometre, vacut agirligi ve vucut yag yuzdeleri ise Tanita (TBF 300)
marka vucut kompozisyon analizoru ile olgulmustir. Kosubandi testi
icin ise JAEGER marka (MasterScreen CPX; Viasys Healthcare
GmbH) gaz analizér sistemi bagli Jager marka (LE 200 CE)
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kosubandi kullaniimistir. Gaz analizéru her kullanim gunid sabahinda

kalibre edilmistir.

Kosubandinda 8 km/s ile i1sinma kosusu baslamis ve 3 dakika
sonrasinda 9 km/s ile teste gecilmistir. Bundan sonar her 3 dakikada
bir 30 saniye dinlenme arasi verilmis ve bu sure zarfinda sporcularin
kulak memesinden 25u kan alinarak YSI 1500 Sport marka laktik asit
analizérinde kan laktat konsantrasyonu olgulmustir. Her 30 saniyelik
dinlenme arasi sonunda kosubandinin hizi  1km/s artiriimistir
(Demarie, 2000; Midgley, 2007). Yine her 3 dakikalik surenin
baslangi¢ ve sonunda Polar marka nabiz Olger saat ile kalp atim hizi
takibi yapilmigtir. Test, katilmci tikendigini ifade edip kendi idtegiyle
biraktigi zaman, maksimal kalp atim hizinin %90’ina ulasildigi zaman
ve kan laktat degerinin 8mmol ve Uzerine ¢iktigi zaman

sonlandiriimistir.

Kosubandindan elde edilmis olan katilimcilarin VO,max degerlerinin
%75ine denk gelen kosu hizi hesaplanarak aralikli fitness mekik
kosusu testi (30-15g71) igin baglangic hizi, dolayisiyla bireysel

yorgunluk protokolleri olusturulmustur.

Saha testlerinde ise Oncelikle katilimcilara hedefsiz duvara maksimal
hizda 5 adet sut attirilip, bu sutlarin en yuksek ve en dusuk olani
disarida tutularak ortadaki 3 hiz degerinin ortalamasi optimal atis hizi
olarak belirlenmigtir. Katilimcilar bundan sonraki agsamada yer alan
hedefe sut testinde, kendileri icin belirlenen atis hizinin altinda
kalmayacak sekilde atis yapmiglardir. Kalenin dort kdsesine 50X50cm
boyutlarinda, profil demirden ve ici bos olacak sekilde hedefler
yerlestirilmistir. Her hedefin arkasina ise 15X15cm boyutunda yesil
LED 1siklarla désenmis tabelalar yerlestiriimistir. Bu 1sikli tabelalar
elektreikli bir kutuya kablolarla baglanmis olup, arastirmacilar

tarafindan Oonceden belirlenmis olan rastgele siralama ile 3 saniye
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araliklarla gorsel sinyal veriims ve katilimcinin 1g1g1 gorir gormez
1Isigin yandigi hedefe dogru teknik ve maksimal hizla atis yapmasi
istenmistir. Atislar esnasinda katilimcilarin el bileklerine Uc¢ eksenli
Biopac (SS27L, +50g range) marka ivme Olger yerlestirilerek
sporcunun X, Y ve Z eksenlerinde bilek ivmeleri dlgUlmustir. Ayrica
tum atislarda katilimcinin arkasinda ve kol hizasinda yer alacak
sekilde Sports Radar Gun (SR 3600) marka hiz dlger cihaz ile topun
hizi kaydedilmistir.

Yorgunluk protokolu 6ncesinde kalenin 4 kosesindeki hedeflere 4’er
tane olmak Uzere rastgele sekilde ve toplam 16 adet atis yaptiriimistir.
Akabinde katilimcinin kulak memesinden alinan 25y kandan laktik asit
OlcimU yapilmis ve bagslangis laktat olarak kaydedilmistir. Sonrasinda
katimcilar 30-15t testine baslamislardir. 30-151 bir ¢esit mekik
kosusu olup hentbolin dogasina uygun olarak 40metrelik sahada
uygulanmaktadir. Test 30 saniyelik yuklenme ve 15 saniyelik dinlenme
periyotlarini icermektedir. Her yuklenme evresinde hiz 0.5 km/s
artirthp sporcu tikeninceye, kalp atim hizi maksimal kalp atim hizinin
%90’l veya Uzerine c¢ikincaya veya ses sinyali geldijinde sahanin
basinda, ortasinda ve sonunda bulunan 3 metrelik alanlari ardigik bir
sekilde 3 kez yakalayamayana kadar devam etmistir. (Buchheit et.al.,
2009; 2010). Test boyunca katilimcinin her 45 saniyede kalp atim hizi
kaydedilmigtir.

Yorgunluk protokoll sonrasinda katilimcinin kan laktat 6lgimu en kisa
zamanda gergeklestirilip yorgunlup dncesinde yapilan hedefe atis (her
hedefe 4 atis; toplam 16 atig) testi uygulanmistir. Test esnasinda el

bilegi ivmesi ve topun hizi kaydedilmigstir.

67



3. BULGULAR

Tablo 4. Hentbol oyuncularinin yorgunluk éncesi ve sonrasi isabetli ve

isabetsiz atis toplam puanlari farki icin iligkili érneklemler icin t-testi

sonuglari.
Olgiim Mean Sd T P
Isabetli 5.31 2.08
Pre-test
-.83 415
Isabetli 5.87 2.06
Post-test
isabetsiz 10.68 2.08
Pre-test
.76 459
Isabetsiz 10.18 1.97
Post-test

Tablo 4 incelendiginde hentbolcularin yorgunluk protokoli oncesi ve
sonrasindaki isabetli ve isabetsiz atis puanlari degerlerinde
istatistiksel olarak anlamli bir farkliik gorilmemektedir (p>0,05). Bu
bulguya gore isabetli ve isabetsiz atis performansi yorgunluktan

etkilenmemektedir.

Hentbolcularin yorgunluk protokoll 6ncesi ve sonrasindaki hedefe atis
esnasindaki kol ivmelerin x, y ve z eksenlerine ait degerleri arasindaki
farkhlik i¢in uygulanan iligkili drneklemler igin T-testi sonuglarina gore
hentbolcularin yorgunluk protokoll dncesi ve sonrasindaki hedefe atig
esnasindaki kol ivmelerin x, y ve z eksenlerine ait degderlerine gore; Y
eksenindeki isabetsiz atis degerleri istatistiksel olarak anlamli bir
farkhlik goéstermektedir [t(15)= -2,259, p<0,05]. Bu bulguya goére
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hentbolculara uygulanan yorgunluk protokoli hedefe isabet
degerlerinde Y eksenindeki ivmesel hareketi etkiledigi gorulmektedir.
Diger eksenlerdeki isabetli ve isabetsiz atiglarin yorgunluk

protokolinden etkilenmedigi gorulmektedir (p>0,05).

Hentbolcularin hedefe isabet puanlarin yordanmasina iligkin regresyon
analizi sonuglarina gore hentbolcularin  yorgunluk protokolu
oncesindeki atis yoringe benzerligi, topun hizi ve kolun x, y ve z
eksenine ait ivme degiskenleri birlikte, hedefe isabet degerleri ile
yuksek dizeyde ve anlamli bir iligki gorulmektedir (R=,789, R2=,622).
Adi  gegcen degiskenler birlikte toplam varyansin % 62'ini

aciklamaktadir.

Standardize edilmis regresyon katsayisina gére (B) gdre, yordayici
degiskenlerin hedefe isabet puanlari Uzerindeki goreli 6nem sirasi; x
eksenindeki degisim, atig benzerligi, x eksenindeki degisim, topun
hizi, reaksiyon zamani, z eksenindeki degisim ve y eksenindeki
degisim seklindedir. Regresyon katsayilarinin anlamliligina iligkin t-
testi sonuglari incelendiginde ise, sadece atis benzerligi degiskeninin
hedefe isabet Uzerinde anlamli bir etkiye sahiptir. Diger degiskenler

hedefe isabet Uzerinde dnemli bir etkiye sahip degildir.

Hentbolcularin hedefe isabetsiz puanlarin yordanmasina iligkin
regresyon analizi sonuglarina gore hentbolcularin yorgunluk protokolu
oncesindeki atis yoringe benzerligi, topun hizi ve kolun x, y ve z
eksenine ait ivme degiskenleri birlikte, hedefe isabetsiz sut degerleri
ile orta duzeyde ve anlamli bir iligki gorulmektedir (R=,803, R2=,645).
Adi  gegen degiskenler birlikte toplam varyansin % 65'ini

aciklamaktadir.

Standardize edilmis regresyon katsayisina gore () gore, yordayici

degiskenlerin hedefe isabetsiz puanlari Gzerindeki goreli 6Gnem sirasi;
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topun hizi, atis benzerligi, x eksenindeki degisim, z eksenindeki
degisim ve y eksenindeki degisim gseklindedir. Regresyon
katsayilarinin anlamhligina iliskin t-testi sonuglari incelendiginde ise
topun hizi ve atis benzerligi degiskeninin hedefe isabetsizlik Gzerinde
anlamh bir etkiye sahiptir. Diger degiskenler hedefe isabetsizlik

uzerinde 6nemli bir etkiye sahip degildir.

Hentbolcularin hedefe isabet puanlarin yordanmasina iliskin regresyon
analizi sonuglarina gobére hentbolcularin  yorgunluk protokolu
oncesindeki atis yoringe benzerligi, reaksiyon zamani, topun hizi ve
kolun x, y ve z eksenine ait ivme degiskenleri birlikte, hedefe isabet
degerleri ile yuksek duzeyde ve anlamh bir iligki goértulmektedir
(R=,798, R2=,637). Adi gecen degdiskenler birlikte toplam varyansin %

64’Unu agiklamaktadir.

Standardize edilmis regresyon katsayisina gére (B) goére, yordayici
degiskenlerin hedefe isabet puanlari Uzerindeki goreli 6nem sirasi;
topun hizi, atis benzerligi, reaksiyon zamani, y eksenindeki degisim, x
eksenindeki degisim ve z eksenindeki degisim seklindedir. Regresyon
katsayilarinin anlamlihgina iligkin t-testi sonuglari incelendiginde ise,

hicbir degisken hedefe isabet Uzerinde dnemli bir etkiye sahip dedildir.

Hentbolcularin hedefe isabetsiz puanlarin yordanmasina iligkin
regresyon analizi sonuglarina gore hentbolcularin yorgunluk protokolu
sonrasinda atis yoringe benzerligi, topun hizi ve kolun x, y ve z
eksenine ait ivme degiskenleri birlikte, hedefe isabetsiz sut degerleri
ile orta dizeyde ve anlamh bir iliski gorulmektedir (R=,465, R2=,217).
Adi  gegen degiskenler birlikte toplam varyansin % 22’sini

aciklamaktadir.

Standardize edilmis regresyon katsayisina gore (B) gore, yordayici

degiskenlerin hedefe isabet puanlari Uzerindeki goreli 6nem sirasi; y
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eksenindeki degisim, x eksenindeki degisim, atis benzerligi, z
eksenindeki degisim ve topun hizi seklindedir. Regresyon
katsayilarinin anlamlihgina iligkin t-testi sonuglari incelendiginde ise,

higcbir degisken hedefe isabet Uzerinde dnemli bir etkiye sahip degildir.

. SONUG VE ONERILER

Bu c¢alisma, yorgunlugun sut isabetine etkisini incelemeyi
amaglamigtir. Calisma sonucunda ana sonug olarak yorgunluk oncesi
ve sonrasi sut isabet oranlar arasinda farklilik bulunamamistir. Bir
digger deyisle yorgunlugun sut isabetini etkilemedigi goértlmastir. Bu
durumun, testin yorgunluk dncesi denemesinde katilimcilar tarafindan
ogrenilmis olmasinin etkisi olabilecedi dusunulmektedir. Ayrica
sporcular geng¢ olmalarina ragmen elit seviyede sporcular olup haftada
10 antrenman yapmalari ve her antrenman suresince onlarca sut
atmalarinin yorulsalar bile atig isabetine ¢ok etki etmesine imkan
tanimadigi, ozellikle atis kolu kaslari yorulmadigi surece sonuca ¢ok
fazla etki etmeyecegi disUnulmektedir. Bu sebeple tim vicut
yorgunluk protokoll yerine veya yanisira local yorgunluk protokoll

uygulanirsa farkli sonuglar elde edilebilecedi tahmin edilmektedir.

Calismanin diger bulgular ise, sut atis benzerligi, topun hizi, tepki
suresi, el bileginin X, Y ve Z eksenlerindeki ivmelenmesinin sut
isabetini etkileyen faktorler olarak birbirleriyle ylksek korelasyon
icinde olduklari gérilmistir. Ozellikle sut atis benzerliginin isabetli
atiglarda, topun hizinin da isabetsiz atislarda etkili oldugu goéralmustar.
Diger taraftan el bilegi ivmelenmesinde yorgunluk o6ncesi ve
sonrasinda fark tespit edilmis olup yorgunluk éncesinde sagdan sola
harekette, yorgunluk sonrasinda ise arkadan One harekette onemli

artis oldugu saptanmigtir. Bu durmun sporcunun yorgunlugun etkilerini
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azaltmak adina hareketi daha kolay hale getirebilmek icin tercih ettigi

dusunulmektedir.

Arastirmacilara 6nerim, omuz kaslarini yoracak bigimde tasarlanmis
bir local yorgunluk protokolinun uygulanmasinin farkli sonuglar elde
edilebilecegi yéninde olup, yorgunluk protokolinin farkli sekilde

dizayn edilmesidir.
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(b, METU

* LIBRARY

TEZ FOTOKOPI iZiN FORMU
ENSTITU

Fen Bilimleri Enstitlsu

Sosyal Bilimler Enstitlist -

Uygulamali Matematik Enstitlisi I:I

Enformatik Enstitlsu

Deniz Bilimleri Enstitlsi

YAZARIN
Soyadi : Simsek
Adi : Beyza

Bolimu :Beden Egitimi ve Spor

TEZiN ADI (ingilizce) : Effects of muscle fatigue on shooting accuracy in
handball players

TEZIN TURU : VYiiksek Lisans Doktora N

1. Tezimin tamami dinya capinda erisime acilsin ve  kaynak gosterilmek
sartiyla tezimin bir kismi veya tamaminin fotokopisi alinsin. -

2. Tezimin tamami vyalnizca Orta Dogu Teknik Universitesi kullancilarinin
erisimine agllsin. (Bu segenekle tezinizin fotokopisi ya da elektronik kopyasi
Kitiiphane araciligiile ODTU disina dagitilmayacaktir.)

3. Tezim bir (1) yil siireyle erisime kapali olsun. (Bu secenekle tezinizin
fotokopisi ya da elektronik kopyasi Kitiiphane araciligi ile ODTU disina
dagitilmayacaktir.)

Yazarin imzasi Tarih
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