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The Effect of Graded Running Protocols On Peak Oxygen Consumption and
Intramuscular Oxygen Saturation

Orkun PELVANY', Savas AKBAS? ', Hasan Birol COTUK?®

Abstract Keywords

Aim: The aim of this investigation was to examine the impact of two different running protocols ) MaxVo2,
on peak oxygen consumption (VOzmax) and regional intramuscular oxygen saturation (SmO3) Near Infrared Spectroscopy,
levels in one highly trained runner. Muscle oxygenation.

Methods: VO2 and SmO2 were measured simultaneously during a gradually ascending running
protocol and a Bruce protocol. VO2 was measured by breath-by-breath spiroergometer gas
analysis system (ZAN®, Germany), and SmO2 was measured from both gastrocnemius muscles
using a wireless near-infrared spectroscopy device (BSXinsight®, USA). The correlation
between VO2 and SmO:2 data was determined by Pearson correlation coefficients over the test
stage mean values. The change of VO2z and SmO2 within each stage was determined by first-
degree polynomials.

Results: Peak VOz2 in the Bruce protocol (4390 ml/min) was higher than peak VOz2 in the
running protocol (4640 ml/min), but no difference was observed in end-test SmO2 decreases.
There were highly significant negative correlations between VVO2 values and SmO: values (r=-

Article Inf
0.960-0.990, p<0.001). SmO values measured in the right and left gastrocnemius muscle Received: 0r9_|85e_2822
decreased similarly in both protocols (r=0.993, r=0.987, p<0.001). Accepted: 30.05.2024

Conclusion: Central and peripheral physiological processes of oxygen consumption are not Online Published: 15.06.2024
always congruent, and the test protocol exert an influence due to the complex interplay of
physiological and biomechanical factors. DOI: 10.18826/useeabd.1481068

Kademeli Kosu Protokollerinin Tepe Oksijen Tiiketimi ve Kas Ici Oksijen
Doygunlugu Uzerindeki Etkisi

Ozet Anahtar Kelimeler
Amac¢: Bu aragtirmanin amaci, ist diizey antrenmanli bir kosucuda, iki farkli kosu Voz2Max,
protokoliiniin zirve oksijen tiiketimi (VOzmax) ile bolgesel kas i¢i oksijen satiirasyonu (SmOz2) Yakin Kizilalt: Spektroskopi,

tizerindeki etkisini incelemektir. Kas Oksijenlenmesi.

Yontem: Kademeli artan kosu protokolii ve Bruce protokolii esnasinda VO2 ve SmO:2 es

zamanli olarak olgiilmiistiir. VO2, her nefeste spiroergometre gaz analiz sistemi (ZAN®,

Almanya) ile dlgiiliirken SmO2, kablosuz yakin kizilétesi spektroskopi cihazi (BSXinsight®,

ABD) kullanilarak her iki gastroknemius kasindan 6l¢tilmiistiir. VO2 ve SmOz verileri arasinda

iligki, test kademe ortalamalari lizerinden Pearson korelasyon kat sayilari ile belirlenmistir. Her

bir kademe siiresince VO2 ve SmO2 degisimi 1. derece polinomlarla belirlenmistir.

Bulgular: Bruce protokoliinde zirve VO2 (4390 ml/dk) degeri kosu protokolii zirve VO2 (4640

ml/dk) degerine gore daha yiiksek bulunmustur, ancak test sonu SmO: diisiisleri arasinda fark

gozlenmemistir. VO2 degerleri ile SMO2 degerleri arasinda negatif yonde ¢ok yiiksek diizeyde

anlaml ili§ki mevcutt?‘lr “(r=-0,960-0,990, p<0,001). Hv_er iki“ Prot(?.kolde. s.ag ve sol Yavin Bilsisi
gastroknemius kasinda 6lgiilen SmO2 degerleri benzer sekilde diisiis gostermistir (r=0,993, Génderi Tarihi: 09.05.2024
r=0,987, p<0,001). Kabul Tarihi: 30.05.2024
Sonug: Oksijen tiikketiminin merkezi ve periferik fizyolojik siirecleri her zaman uyumlu degildir Online Yayin Tarihi: 15.06.2024

ve test protokolii, fizyolojik ve biyomekanik faktorlerin karmasik etkilesimi nedeniyle bir etki
olusturur. DOI: 10.18826/useeabd. 1481068

INTRODUCTION
Oxygen Consumption

Oxygen consumption is the process of inhaling air containing oxygen, transporting the oxygen via the
bloodstream to the working muscles, and using it for energy conversion in the muscle fibers (Sneel and
Mitchell, 1984). The body uses the oxygen consumed during physical activity to meet its energy
demands, which depend on the intensity of the exercise (Skinner and McClellan, 1980; Spriet, 2022).
1 Corresponsible Author: Marmara University Faculty of Sport Sciences, orkunpelvan@gmail.com

2 Marmara University Faculty of Sport Sciences, savas.akbas@marmara.edu.tr
3 Marmara University Faculty of Sport Sciences, hbcotuk@marmara.edu.tr
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This concept is of great interest in the field of exercise physiology, specifically in relation to maximum
oxygen consumption, also known as VO-max (Sietsema and Rossiter, 2023). Hill and Lupton (1923)
were the first to conduct running experiments and observe that oxygen consumption increases linearly
with increasing running speed. However, they noted that there was an individual maximum limit to
oxygen consumption at which the subjects reached a plateau, even if the running speed was increased.
Today, determining maximum oxygen uptake has been established as the most accurate method for
assessing not just aerobic fitness, but also cardiovascular health (Mohajan and Mohajan, 2023).

Test Protocols for VO;max Measurement

A wide number of test methods and protocols have been developed and validated to measure maximal
oxygen consumption. Especially endurance athletes were tested in laboratory settings, for instance on a
treadmill or bicycle ergometer, as well as in simulated real-life competitions. The three main methods
most commonly used in research are submaximal testing, maximal testing, and field testing (Scheer et
al., 2018; Kang et al., 2001).

The submaximal testing is an estimation of the individual's maximum oxygen consumption from
oxygen consumption below the point of maximal effort. Submaximal testing is generally preferred in
clinical populations because these individuals are often unable to complete a protocol that requires a
maximal level of exercise. Although not a direct measure of maximal oxygen consumption,
extrapolating data from submaximal exercise is a fairly accurate method of estimating an individual's
VO.max (Nolan et al., 2014; Kathy et al., 2023).

Field testing measures an athlete's maximum oxygen consumption in their actual training and/or
competition environment. This familiarity can benefit the athlete, but it can also make it more
challenging for researchers to monitor performance (Nabi et al., 2015). When comparing field tests to
lab tests using similar protocols in both environments, VO.max values do not differ significantly. This
is illustrated by a study involving eighteen well-trained runners who completed peak performance
protocols on both an outdoor track and a laboratory treadmill: There was no significant difference in
VO2max between the treadmill test and the field test, mean VO,max was 63.5 versus 63.3 ml/kg/min
(Meyer et al., 2003).

Nevertheless, the most widely accepted method for measuring maximal oxygen consumption is
to perform maximal exercise tests in a laboratory. These protocols use progressively higher exercise
levels to elicit a maximal effort from the subject. Respiratory gases are collected and analyzed in the
laboratory throughout the test. Such testing offers the advantage of being highly controllable by the
examiner, thereby eliminating many possibilities of error that may exist outside the laboratory. Because
the examiner is in control of the test, the subject is more likely to produce a true maximal effort, which
accurately captures the maximal oxygen consumption. In this context, a number of studies in the
literature have investigated the effects of different VO.max test protocols on total oxygen consumption
and performance, albeit with inconclusive results. The conflicting findings observed in these studies can
be attributed to the fact that the participants were drawn from different population groups, and were
largely untrained (Vanhoy, 2012).

In laboratory tests, researchers can measure a range of physiological data such as VO, heart
rate, rating of perceived exertion (RPE), and lactate as exercise intensity increases. These variables allow
researchers to examine the physiological process that occurs from the beginning of exercise to maximal
effort. However, such physiological diagnostics have a general limitation in that they determine the
oxygen utilization and physiological parameters of the entire body. Until recently, there were no
practical methods for assessing circulatory parameters and energy metabolism in peripheral regional
muscles.

The advent of near-infrared spectroscopy (NIRS), however, has offered non-invasive, cost-
effective and easy-to-use solutions for monitoring regional muscle energy metabolism. It is increasingly
used in athletic performance studies and in clinical situations such as cardiovascular disease (Biger and
Cotuk, 2022). Near-infrared spectroscopy is based on the fact that biological tissues are permeable to
light in the near-infrared spectrum, which is considered an 'optical window' between 700-1000 nm. In
this range, water absorption is low, allowing light to penetrate the tissue and reach the light receptors.
The intensity of the perceived light is mainly influenced by changes in hemoglobin and oxyhemoglobin
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levels (Cotuk et al., 2020; Quaresima et al. 2003).

The existing literature on the subject indicates that there is currently only limited information
available regarding the impact of the testing protocol on intramuscular O, saturation. The purpose of
this study was to investigate the synchronous changes in oxygen consumption and regional
intramuscular oxygen saturation levels during two different running protocols in a highly trained athlete
in order to obtain a mechanistic understanding of the “protocol effect”.

METHOD

Model of the research

The study was approved by the Marmara University Faculty of Medicine Clinical Research Ethics
Committee. This study was conducted in accordance with the principles of the Declaration of Helsinki.
All participants signed an informed consent form.

The universe and sample of the research/study group of the research

An 8-year licensed long-distance athlete with national-level achievements in track, road, and cross-
country running participated in the study. Due to his participation in cross-country running, he had
included incline running in his training program.

Data collection tools of the research

Two distinct test protocols were employed in the study to ascertain VO;Max. The Bruce protocol
involved a three-minute rest period, a three-minute warm-up at a speed of 3 km/h on a 0% incline, and
the commencement of the test at a slow walking pace at 10% incline, with an increase in speed and
incline occurring at three-minute intervals. Both the incline and the speed increased by 3% every three
minutes. The Bruce protocol is analogous to ascending slowly stairs and is suitable for individuals of
all fitness levels. The second test protocol, designated as the "Speed protocol,” commenced with three
minutes of rest and a three-minute warm-up at a speed of 3 km/h. Thereafter, the speed was increased
by 1 km/h every minute until exhaustion, which was defined as the point at which the subject could no
longer maintain the required pace (at a constant 1% incline). This protocol has been designed for
competitive athletes. The athlete was initially evaluated using the Bruce protocol, and subsequently, the
Speed protocol was employed. The interval between the two test protocols was 72 hours.

Physiological Measurements

In both test protocols, the athletes' VO,Max values were determined according to the breath-by-breath
technique using a 680 USB model gas analysis system from ZAN® (Germany). Following each
measurement, the ergospirometer was calibrated. The intramuscular oxygen saturation of the athlete was
quantified using a wireless and portable near-infrared spectroscopy device from BSXinsight® (USA).
The widest part of the gastrocnemius (medio-lateral) muscle was identified and its distance from the
calcaneus and tibia was recorded in centimeters to ensure identical placement in both tests.

Data analysis of the research

The correlation between oxygen consumption and SmO, data was analyzed using Pearson correlation
coefficients, with the mean values of the individual steps serving as the basis for the calculation. In order
to harmonize the data with the Speed protocol, the three-minute increments of the Bruce protocol were
divided into one-minute increments. The statistical significance value employed for these analyses was
p <0.001.

To assess the dynamic reaction of muscle oxygenation to the momentary change in power
output, the change in SmO, within each stage of the test was computed. First-degree polynomials were
fitted to the SmO, data separately for each stage (and side), and the end-to-start values for each stage
were subtracted. The mean value of the SmO- data obtained from the simultaneous measurement of the
oxygen saturation of the right and left gastrocnemius muscles of the athlete was taken for analysis.
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FINDINGS

The subject of the study was a 20-year-old male long-distance runner with a height of 175 cm, a body
weight of 61.1 kg, and a BMI of 19.95.

L Speed Protocol V02 Bruce Protocol V02
skm | 4akm | Skm | ekm | 7km | 8km | 9km | 10km | 11km [ 12km [ 13km [ 14km M/"‘ P
4,00 L] J/_,/
Level -1 evel -|2 llevel -B f-/\
3,00 / 15km | 16km [17km | 18km | 19km
2,00 Lt~
Z /J evel -¢4 Level - Level - 6
1,00 /‘N—‘_'?-‘/
7@41—-—’/
% Sm02 Speed Protocol Sm02 Bruce Protocol SmO2
74,00 /’mew W
WA
72,00 M\'“i\”\»fww\
N\
ol
70,00 W "
v T W
Py
68,00 k\""\\
66,00
Time (s)
o 200,0 400,0 600,0 800,0 _1.000,0

Figure 1: Oxygen consumption and intramuscular oxygen saturation during the Speed and Bruce
protocol against time (s) Speed Protocol VO,: Oxygen consumption during the speed protocol. Bruce
Protocol VO,: Oxygen consumption during the Bruce protocol. Speed Protocol SmO;: Intramuscular
oxygen saturation during the Speed protocol. Bruce Protocol SmO,: Intramuscular oxygen saturation
during the Bruce protocol.

The subject successfully completed both tests to the point of exhaustion in the same time period
of 17 minutes. The oxygen consumption and intramuscular oxygen saturation are presented in Figure 1.
In the Bruce protocol, the stage transitions are characterized by abrupt and steep increases in oxygen
uptake, which then level out during the stage. In the Speed protocol, oxygen uptake exhibits a relatively
linear increase. A divergence between the two VO; curves can be observed during the transition to
running in the speed protocol (after 6 km/h), which corresponds to the middle of the second phase of
the Bruce protocol. This divergence is evidenced by the lower oxygen consumption observed in the
Bruce protocol. This phenomenon is observed in the Speed protocol up to 12 km/h, which corresponds
to the beginning of the fourth stage of the Bruce protocol. At 15 km/h and in the fifth stage, the oxygen
consumption of the Bruce protocol exceeds that of the Speed protocol.

The mean values of SmO: obtained from the right and left gastrocnemius muscles were nearly
identical at the start of both test sessions. In the continuation of the test, at the attainment of the speed
of 9 km/h in the Speed protocol, and the third stage in the Bruce protocol, both curves diverge, with the

SmO- value of the Bruce protocol remaining lower (figure 1).
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Figure 2: Synchronous evolution of left and right calf intramuscular oxygen saturation during the Speed
and Bruce protocol against time (s). Speed Protocol Right/Left SmO,: Intramuscular oxygen saturation
during the Speed protocol obtained from the Right/Left gastrocnemius muscle. Bruce Protocol
Right/Left SmO;: Intramuscular oxygen saturation during the Bruce protocol obtained from the
Right/Left gastrocnemius muscle.

Figure 2 depicts the SmO2 values obtained simultaneously from the athlete's right and left
gastrocnemius muscles during the Speed and Bruce protocols. In the Speed protocol, the SmO; levels
remained relatively constant up to 5 km/h. Nevertheless, a decline in the oxygen saturation levels in both
legs was observed following the commencement of running at 6 km/h. At 10 km/h, there was a
divergence in the SmO; levels between the two legs (left calf values were then lower), yet the pattern of
decline persisted in a similar manner. In the Bruce protocol, the athlete walked during stages 1 and 2
and commenced running at the beginning of stage 3. This was accompanied by a marked decline in the
oxygen saturation levels. Although the initial SmO, values exhibited considerable disparity between the
two legs, there was a notable degree of similarity in the subsequent decline within the designated test
range (right calf values remained consistently lower throughout the duration of the test).

Table 1: VO,max and SmO; values obtained in the Speed and Bruce protocols

VO2max VO2max SmO:; SmO2 min SmO:2
(ml/min)  (ml/kg/min) max (%) (%) diff (%)
Speed Right 74.7 68.1 6.6
Speed Protocol 4390 71.85
Speed Left 74.4 66.8 7.6
Bruce Right 71.1 63.0 8.1
Bruce Protocol 4640 75.94
Bruce Left 76.5 70.6 5.9

The VO.max value obtained in the inclined Bruce protocol was 5.7 % higher than in the Speed protocol.
The muscular desaturation value obtained in the inclined Speed protocol was 1.4 % higher than in the

Bruce protocol (table 1).
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Table 2: Correlation of VO,max and SmO; values obtained in the Speed and Bruce protocols

Speed VO: Speed Right SmO:
Speed Walk Right SmO; Pearson's r -0.974%** Walk
Speed Walk Left SmO, Pearson's r -0.988*** 0.987***
Speed Run Right SmO; Pearson's r -0.970*** Run
Speed Run Left SmO, Pearson's r -0.990*** 0.980***
Bruce VO, Bruce Right SmO,
Bruce Walk Right SmO, Pearson's r -0.960*** Walk
Bruce Walk Left SmO, Pearson's r -0.969*** 0.993***
Bruce Run Right SmO; Pearson's r -0.970*** Run
Bruce Run Left SmO; Pearson's r -0.983*** 0.977***

Speed VO,: The amount of oxygen consumed during the Speed protocol. Speed Walk Right SmO::
Intramuscular oxygen saturation from the right gastrocnemius muscle from start of walking until
exhaustion during the Speed protocol. Speed Walk Left SmO;: Intramuscular oxygen saturation from
the left gastrocnemius muscle from start of walking until exhaustion during the Speed protocol. Speed
Run Right SmO.: Intramuscular oxygen saturation from the right gastrocnemius muscle from start of
running until exhaustion during the Speed protocol. Speed Run Left SmO,: Intramuscular oxygen
saturation from the left gastrocnemius muscle from start of running until exhaustion during the Speed
protocol. Bruce VO,: The amount of oxygen consumed during the Bruce protocol. Bruce Walk Right
SmO.: Intramuscular oxygen saturation obtained from the right gastrocnemius muscle from start of
walking until exhaustion during the Bruce protocol. Bruce Walk Left SmO,: Intramuscular oxygen
saturation from the left gastrocnemius muscle from start of walking until exhaustion during the Bruce
protocol. Bruce Run Right SmO,: Intramuscular oxygen saturation from the right gastrocnemius
muscle from start of running until exhaustion during the Bruce protocol. Bruce Run Left SmO.:
Intramuscular oxygen saturation from the left gastrocnemius muscle from start of running until
exhaustion during the Bruce protocol. *** p<0.001 level of statistical significance.

There is a very high negative correlation between oxygen consumption and SmO; values
during the two test protocols. There is also a very high positive correlation between the SmO- values of
the two legs (Table 2).
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Figure 3 : Speed and Bruce protocol VO, and SmO; changes within each stage. Speed VO.: VO,
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changes within each stage of the Speed protocol. Speed Right SmO,: Changes of intramuscular oxygen
saturation of the right gastrocnemius muscle within each stage of the Speed protocol. Speed Left SmO.:
Changes of intramuscular oxygen saturation of the left gastrocnemius muscle within each stage of the
Speed protocol. Bruce VO2: VO, changes within each stage of the Bruce protocol. Bruce Right SmO.:
Changes of intramuscular oxygen saturation of the right gastrocnemius muscle within each stage of the
Bruce protocol. Bruce Left SmO. Changes of intramuscular oxygen saturation of the left
gastrocnemius muscle within each stage of the Bruce protocol.

In the Speed protocol, a consistent increase in oxygen consumption was observed within the
respective stages. Following a fluctuating period in the initial two minutes of the Speed test, the SmO-
values declined in a consistent fashion throughout each subsequent stage, from the third minute onward,
until the conclusion of the test.

The Bruce protocol was also subjected to further analysis by dividing each three-minute stage
into one-minute sections. Due to the low intensity of the initial two stages and the fact that the athlete
was walking, fluctuations were observed in oxygen consumption and SmO; values. The athlete's
transition to the third stage of exertion is marked by the onset of running and a concomitant surge in
oxygen uptake accompanied by a pronounced decline in the SmO; levels. However, during the second
minute of this stage, there was an increase in the values of SmO,. Subsequent stages exhibited a tendency

for similar patterns to recur.

DISCUSSION
To date, there has been limited investigation into the simultaneous effects of different test protocols on

oxygen uptake and muscular oxygen saturation. The VO,max values obtained from the two tests in this
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case study were higher for the Bruce protocol than for the Speed protocol. In this context, studies
comparing VOmax measurements using inclined treadmill logs with those using horizontal treadmill
logs have not produced conclusive results.

The research conducted has produced conflicting results due to the wide variety of subjects
included in the early studies. When testing untrained subjects, higher VOzmax measurements were
obtained with an inclined protocol compared to a horizontal protocol (Taylor et al., 1955; Astrand &
Saltin, 1961). When trained subjects were included, the results of the studies were inconclusive, with
either inclined (Freund et al., 1986; Allen et al., 1986) or horizontal protocols (Wilson et al., 1979)
producing higher VOzmax or no difference (Kasch et al., 1976). Freund et al. (1986) found no significant
difference in VO,max between the inclined protocol (53.1 + 4.0 ml/kg/min) and the horizontal protocol
(53.6 = 3.9 ml/kg/min) in 22 men who had previously exercised moderately. However, after completing
a 12-week training program, which included 35-minute running sessions on inclined/undulating terrain
at 65-85% of VO.max, the VO;max values showed a significant difference in favor of the inclined
protocol (59.0 + 5.6 ml/kg/min versus 56.6 = 4.5 ml/kg/min). Allen et al. (1986) confirmed this result
using the same study design, even though flat terrain was used in the training period. These two studies
from the same research group suggest that regardless of the training modality (flat versus inclined), the
inclined protocols produced higher VO.max values after endurance training.

During inclined testing, VO2max may be measured higher due to the activation of more muscle
mass compared to flat tests. Furthermore, mechanical or neuromuscular limitations may restrict the
depth of breathing during horizontal running (Pokan et al., 1995). Vanhoy (2012) supported the
suggestion that muscles are more activated during inclined testing, finding that lactate levels were 2
mmol/L higher during the inclined protocol compared to the flat protocol. In this group of elite trained
athletes, the Bruce protocol elicited higher VO,max values than the flat protocol (75.3 £ 6.9 ml/kg/min
versus 71.2 + 6.7 ml/kg/min). In support of this, Costil et al. (1974) reported that auxiliary muscles, such
as the vastus lateralis, which assist the body in lifting against an incline, are more active in inclined
protocols. The study by Allen et al (1986) identified a further rationale for the elevated oxygen
consumption observed in inclined protocols when compared to horizontal protocols. This rationale is
attributed to an augmented duration and force of muscle contraction, in conjunction with lower stride
frequency and a prolonged ground contact duration.

The current study's results (Table 1) are comparable to those of Vanhoy (2012) because the
athlete we studied was highly accomplished at the national level in cross-country, track, and road
running, and his training included inclined running. Further indicating the athlete's level of performance,
the sudden jumps in oxygen consumption that occurred during the stage transitions in the Bruce protocol
decreased slightly in the second and third minutes of the stage. It is assumed that the systemic response
and steady rate were recorded during the relatively undemanding test phases. Consistent with this idea,
the SmO, data exhibited both decreases and increases during the transition from walking to running

(figures 1 and 2). It is noteworthy that, despite the higher VO,max value observed in the Bruce protocol,
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oxygen consumption was significantly lower than in the Speed protocol at power levels below the
ventilatory threshold (figure 1). This can be attributed to an increase in movement efficiency based on
the different contraction patterns previously mentioned.

The decline in SmO; levels during the tests varied between the two legs (table 1). This is a
strength of our study compared to the literature, where SmO; data are often collected from unilateral
muscles or muscle groups. In our study, we collected data from symmetrical calf muscles
simultaneously. The difference in the SmO; curves observed between the two legs may be attributed to
the capillary structure in the dominant leg of the athlete, which may be influenced by a different blood
supply. Alternatively, the differing muscle contraction durations and biomechanical running patterns
may also contribute to the observed difference. Nevertheless, table 2 illustrate a strong negative
correlation between oxygen consumption and SmO; levels for both legs, wether calculated from the start
of walking or running. Note that the correlation values for the start of walking and running were obtained
from a highly experienced and trained runner. Therefore, these values may vary among a larger and
more diverse group of athletes.

Comprehensive analysis of the data, both overall and in detail, is critical when testing elite
athletes. On occasion, the oxygen consumption observed during the Bruce protocol displays a decline
while concomitantly exhibiting a reduction in SmO: values, which is a phenomenon that may be
perceived as counterintuitive (figure 1). In a comparable manner, the decrease in SmO; at the end of the
tests was marginally less pronounced in the Bruce protocol despite the VO.max being measured to be
higher (table 1). In order to gain a comprehensive understanding of the data, it is essential to evaluate
the differences in the dynamic changes in addition to the average values. Consequently, the dynamic
changes in SmO; values within each stage of the test were calculated (figure 3) in order to capture the
reaction of the subsystems to the momentary change in power output. Additionally, it appears
physiologically accurate to consider the 20-second delay in circulation between the lungs and muscles
when calculating the correlation. However, it is worth noting that this delay not apply equally to
everyone (Spencer et al., 2012). In this context, it is of paramount importance to consider the intricate
interrelationship between these variables when developing a model of the peripheral and central
circulatory system.

Overall, the literature confirms the results of our study. In their study, Spencer et al. (2012)
divided their graded exercise test into 10-second increments and observed a decrease in SmO- levels
that was similar to the findings in our study. Consistent with our findings, Austin et al. (2005) discovered
a strong correlation (r=-0.88) between SmO, and VO,max values during a graded exercise test. Shibuya
and Tanaka (2003) reported a decrease in SmO; levels similar to our study during a gradually increasing
cycle ergometer test with a 30W increase every 2 minutes. They found a strong correlation between this
decline and VO,max (r=-.933). Yano et al. (2005) observed a similar decrease in SmO, with a very high

negative correlation to oxygen consumption (r =-0.89) during a cycle ergometer test with a 25-watt

81



IJSETS Journal, 2024, VVolume 10, Issue 2, 73-83 O. Pelvan, S. Akbas, H.B. Cotuk

increase per minute until exhaustion. Crum et al. (2017) reported a strong negative correlation (r=-0.730)

between SmO- depletion and oxygen consumption during a gradually increasing cycle ergometer test.

RESULTS

The analysis of the present case demonstrates that central and peripheral physiological processes of
oxygen consumption are not always congruent, and that the respective contingencies exert an influence.
While VO, max (central) was measured to be higher in the inclined Bruce protocol, this was not reflected
in the SmO; (periphery), which did not demonstrate a higher total SmO> drop compared to the flat Speed
protocol. The inclined protocol elicited side differences and fluctuations in SmO; during the stage,
despite the consistent increase of VO.. Nevertheless, the overall evolution of both parameters during
both testing procedures exhibited a very high significant correlation.

In light of the results of this study, it is pertinent to ask whether the analysis of competitive
athletes should be limited to examining averages or whether individual characteristics should be
considered. It will be essential to complement the assessment based on traditional physiological
parameters by also considering how physiological subsystems respond to performance. The integration
of a multitude of accomplished athletes into this meticulous analysis will augment the comprehension

of their individual solutions in the complex interplay of physiological and biomechanical factors.
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Geng¢ Erkek Futbolcularda 8 Haftahk Kontrast ve Pliometrik Antrenman
Yontemlerinin Biyomotor Ozellikler ve Noromiiskiiler Faktérlere Etkisi *
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Ozet Anahtar Kelimeler
Amag: Geng erkek futbolculara uygulanan kontrast ve pliometrik antrenman programlarinin Futbol,
biyomotor ozellikler ve noromiiskiiler faktorler tizerindeki etkilerinin incelenmesi amaglanmigtir. Pliometrik Antrenman,
Yontem: Arastirmanm Orneklemini 24 geng erkek futbolcu (yas: 16,00+0,51 yil; boy: Kontrast Antrenman,
177,21£5,18; kilo: 66,20+6,25) olusturmustur. Katilimcilar rastgele olarak kontrast antrenman Anaerf)blk Hiz Rezervi,
Biyomotor Ozellik,

grubu (KAG; n=8), pliometrik antrenman grubu (PAG; n=8) ve kontrol grubu (KG; n=8) olmak
iizere 3 ayri gruba ayrilmistir. KAG ve PAG 8 hafta boyunca futbol antrenmanlarina ek olarak
haftada iki giin kuvvet ve gii¢ antrenmanlari uygulamistir. KG yalnizca futbol antrenmanlarini
siirdiirmiistiir. On test ve son test deneysel yontem kullanilan calismada deney ve kontrol
grubunun antrenmanlar sonunda siirat, maksimum sprint hizi (MSH), arrowhead ¢eviklik,
sigrama yiiksekligi, elektromekanik gecikme (EMKG), dayamiklilik testi (30-15 IFT) ve
anaerobik hiz rezervi (AHR) {izerine etkileri karsilastirilmistir.

Bulgular: Gruplarin 6n test ve son testleri arasindaki farklar degerleri incelendiginde KAG; siirat,
maksimum sprint hizi, ¢eviklik, sigrama, EMKG, 30-15 IFT ve AHR degerleri anlamli olarak
artmistir (p<0,05). PAG; siirat, ¢eviklik, sigcrama, 30-15 IFT degerleri anlamli olarak artmistir
(p<0,05). KG; siirat, ¢eviklik, sigrama, EMKG degerleri anlamli olarak artmistir (p<0,05).
Gruplar arasindaki artiglar karsilagtirildiginda KAG; siirat, maksimum sprint hizi, sigrama ve
AHR degerlerinde KG’ye gore anlamli olarak gelismistir (p<0,05). PAG; 0-40m, 0-50m, AHSG,
AS degerleri KG’ye gore anlamli olarak artis gostermistir (p<<0,05). KG hi¢bir gruba gore anlaml Yayin Bilgisi
artis gdstermemistir. Deney gruplan arasindaki farklar incelendiginde KAG; siirat, maksimum Gonderi Tar@h@f 21.06.2023
sprint hiz1 ve AHR degerlerinde PAG’ye gore anlamli bir artis gdstermistir (p<0,05). Online ‘K(ZS:JI: EEE: 22822833
Sonug: Her iki antrenman yonteminin de gelisimsel olarak faydali olabilecegi sdylenebilir. Siirat T
degerlerinin gelistirilmesi amaglandiginda kontrast antrenman ydnteminin uygulanmasi dahapg|-1018826/useeabd.1320635
faydali olmaktadir.

Noromiiskiiler Adaptasyon.

Effects of 8-Week Contrast and Plyometric Training Methods on Biomotor
Characteristics and Neuromuscular Adaptations in Young Male Football
Players

Abstract Keywords

Aim: This study is to examine the effect of contrast and plyometric training programs on biomotor Football,
characteristics and neuromuscular factors in young male football players. Plyometric Training,
Methods: Twenty-four young male football players (age: 16,00+0,51 years; height: 177,21+5,18 Contrast Training,

Anaerobic Speed Reserve,
Biomotor Feature,
Neuromuscular Adaptation.

cm; body mass: 66,20+6,25 kg) were randomly assigned to one of three groups: Contrast training
group (KAG; n=8), plyometric training group (PAG; n=8) and control group (KG; n=8). The
study was conducted using a randomized experimental design over an eigth-week period. The
participants were tested pre and post to assess sprint, maximum sprint speed (MSS), arrowhead
agility, jump height, elektromechanical delay (EMD), intermittent fitness test (30-15 IFT) and
anaerobic speed reserve (ASR).

Results: KAG and PAG increased significantly in sprint, agility and jump parameters (p<0.05).
Only KAG showed a significant increase in MSS and EMD parameters (p<0.05). Between the
groups, a significant increase was observed in sprint and countermovement jump values in both
CAG and PAG compared to CG. Only KAG showed a significant increase in squat jump, MSS
and ASR parameters compared to KG.. In the agility test, only PAG showed a significant increase

compared to KG. KG did not show a significant increase compared to any group. KAG showed Article Info
a significant increase in 0-50m sprint, MSS and AHR values compared to PAG. Received: 27.06.2023
Conclusion: Itis seen that both strength/strength training methods will be beneficial in improving Accepted: 05.06.2024

the physical requirements encountered in football. When it is aimed to improve speed values, it Online Published: 15.06.2024

is more useful to apply the contrast training method.
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GIRIS

Futbol, basar1 saglamak icin gerekli taktik ve teknik becerilere sahip olmanin yanin sira bazi fiziksel ve
fizyolojik yeterlilikler gerektiren, diizensiz araliklarla yiiksek siddetli aktivitelerin gergeklestirildigi bir
takim sporudur (Turner ve Stewart, 2014). Futbolda performans genel olarak kat edilen toplam mesafe,
toplam sprint mesafesi ve teknik becerilerin uygulanmasi (pas, sut, uzun top vb.) ile
degerlendirilmektedir (Brocherie ve ark., 2015). Fiziksel performanslar incelendiginde, oyuncular
ortalama olarak 10-13 km toplam mesafe kat etmektedirler. Kat edilen toplam mesafenin %7-12’si
yliksek siddet hizlarinda (>19.8 km/h) %1-4’1 ise sprint hizlarinda (>25.2 km/h) gerceklesmektedir
(Stolen ve ark., 2005; Bush ve ark., 2015). Fizyolojik bir bakis acisiyla futbol mag1 sirasinda, kalp atist
yiiksek siddetli aktivitelerde kisa ve hizh artislar gosterirken, diisiik siddetli toparlanma dénemlerinde
ise hizli diisiisler gostermektedir. Mag sirasinda ortalama kalp atim hizlariin %80-90 arasinda oldugu
bilinmektedir. Bu deger maksimum oksijen tiikketimi (VO2maks) degerinin ise %70-75’ine denk
gelmektedir. Ortalama degerler ve oyunun siiresi géz oniine alindiginda oyunun anaerobik esige yakin
bir siddette oynandigi gézlenmektedir (Stolen ve ark., 2005; Dolci ve ark., 2020).

Bir futbol mag1 icerisinde toplam mesafelerin oyun iizerine etkisi olsa da genel olarak sonucu
etkileyen faktorlerin yiiksek siddetli aktiviteler ile teknik ve taktik bilesenlerin basarili bir sekilde
entegrasyonu ile iligkilendirilmektedir (Faude ve ark., 2012). Oyuncularin mag igerisinde ortaya ¢ikan
talepleri destekleyen gelismis fiziksel nitelige sahip olmalar1 gerekmektedir. Bir futbol macginin siiresi
g6z Oniine alindiginda, aerobik enerji sistemlerinin baskin oldugu agikca bilinmektedir, ancak anaerobik
sistemler futbol macginin yiiksek siddetli anlarinda 6nemli rol oynamaktadir. Sprint, yiiksek siddetli
kosular, sigrama, ikili miicadeleler, hizli ve ani yon degistirmeler gibi sonucu etkileyen eylemler
anaerobik olarak gerceklestirilmektedir (Silva ve ark., 2022; Baldi, 2017).

Yiiksek siddetli aktiviteler sirasinda performansin bir baska belirleyicisi ise motor iinite katilima,
sinirsel uyart iletim hizi, kaslar arasi koordinasyon, elektromekanik gecikme siiresinde azalmalar,
gerilme-kisalma dongiisiiniin gelismesi gibi kas-sinir(ndromiiskiiler) sistemini ilgilendiren faktorlerdir
(Sandford ve ark., 2019a; McKinlay ve ark., 2018). Yiiksek siddetli aktiviteler sonrasi yeni aktiviteye
hazir olabilmek i¢in kasin yeniden oksijenlenmesi ve fosfokreatin depolarinin hizli bir sekilde
yenilenmesine ihtiya¢ duyulmaktadir. Bu sebeple futbolcularda gelismis aerobik kapasite performansin
belirleyicilerindendir. (Buchheit ve Ufland, 2011). Aerobik kapasite; VO2maks, kosu ekonomisi ve
anaerobik esigin bir biitiini olarak agiklanmaktadir ve maksimal aerobik kapasitenin kat edilen toplam
mesafe, yiiksek hizli kosular gibi futbol performansini etkileyen parametrelerle olumlu bir sekilde iligki
gosterdigi belirtilmektedir (Stolen ve ark., 2005; Turner ve Stewart, 2014). Futbolun fizyolojik ve
fiziksel talepleri goz oniine alindiginda fiziksel performansin hem metabolik (acrobik ve anaerobik
enerji sistemleri) hem de néromiiskiiler faktorlerden etkilendigi goriilmektedir (Buchheit ve ark., 2010).

Maksimal aerobik ve maksimal anaerobik kapasitenin belirlenmesi sporcularin mag
performanslar1 arasindaki farklarin belirlenmesine ve lokomotor profillerinin analiz edilmesine
yardimct olabilmektedir. Bu sebeple bu kavramlarin birim zamandaki degerini ifade eden maksimal
aerobik ve maksimal anaerobik gii¢ degerlerinin incelenmesi Onerilmektedir (Ortiz ve ark., 2018).
Aerobik giicii belirlerken, VO2maks’1n ortaya ¢ikt1g1 en diisiik hiz olarak tanimlanan maksimal aerobik
hiz (MAH) degerleri kullanilmaktadir. Anaerobik giiclin belirlenmesinde ise maksimal sprint hizi
degerleri kullanilmaktadir. Futbol magi igerisindeki yiliksek siddetli aktivitelerin biiyiik bir ¢cogunlugu
MAH degerlerinin iizerinde meydana gelmektedir. Maksimum aerobik hiz degerlerinin {izerindeki
eforlar yaklagik 0-300sn igerisinde gerceklesmektedir ve metabolik ve ndromiiskiiler faktorlerin
karmagik bir etkilesiminden kaynaklanmaktadir (Sandford ve ark., 2021).

Futbolun iki uglu fizyolojik yapisim incelemek ve yiiksek siddetli egzersiz performansini
degerlendirmek i¢in anaerobik hiz rezervi (AHR) kavraminin kullanilmasi onerilmektedir (Selmi ve
ark., 2020). Anaerobik hiz rezervi, MSH ile MAH arasindaki fark olarak tanimlanmaktadir. Bu
kavramin anaerobik olarak saglanan gii¢ ¢ikisinin bir kismini tahmin edebilecegi diisiiniilmektedir. Ayni
zamanda AHR, futbol performansiyla dogrudan iliskili olan tekrarli sprintlerdeki yorgunluk indeksiyle
onemli ol¢iide korelasyon gostermektedir (Mendez-Villanueva ve ark., 2008). Yapilan bir ¢alismada
MAH’m iizerindeki siddetlerde tikenme zamaninin MAH’a oranla AHR ve MSH degerleri ile daha
yakindan iligkili oldugu ifade edilmistir (Blondel ve ark., 2001). Bu durumda ayn1 aerobik kabiliyete
sahip sporcularda daha yiiksek AHR nin daha iyi bir yarigma temposu saglayabilecegi diistiniilmektedir
(Buchheit ve Laursen., 2013). Bu durum MAH iizerinde tempoyu siirdiirmek igin daha biiyiik motor
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inite katilimi1 ve anaerobik hiz rezervini en iist diizeye ¢ikarma gerekliligi i¢in net bir mantik
sunmaktadir (Sandford ve ark., 2019b). Bu sebeplerle, yiiksek hizli kosular, sprintler, yon degistirmeler,
sigramalar ve ikili miicadeleler gibi yiiksek siddetli performans gerektiren 6zellikleri gelistirebilmek
amaciyla ihtiya¢ duyulan néromiiskiiler adaptasyonlarin saglanmasi gerekmektedir (Cormier ve ark.,
2020). Futbolda kas kuvveti ve giiciinii arttirmak, ndromiiskiiler adaptasyonu saglamak icin
kullanilabilecek potansiyel antrenman ydntemlerinden ikisi kontrast ve pliometrik antrenmanlardir
(Hammami ve ark., 2019).

Pliometrik antrenman, kas tendon kompleksinin eksantrik kasilmasinin hemen ardindan
konsantrik olarak kasilmasindan olusmaktadir. Bu durum gerilme-kisalma dongiisii (GKD) olarak
adlandirilir. GKD, kas tendon kompleksinin miimkiin olan en kisa siirede maksimum kuvvet iiretme
yetenegini ifade etmektedir (Aloui ve ark., 2021; Markovic ve Mikulic, 2010). Hizli eksantrik kas
kasilmasi sonrasi kas icerisinde depolanan elastik enerji, hareketin konsantrik fazinin daha fazla kuvvet
iretilmesine sebep olmaktadir (Buzdagh, 2022). Yapilan calismalar incelendiginde pliometrik
antrenmanin futbol performansini etkileyen sprint, ¢eviklik, sigrama, kosu ekonomisi, kas aktivasyon
hiz1 gibi pek ¢ok 6zelligin gelisimi i¢in faydali oldugu goriilmektedir.

Futboldaki temel hareket kaliplart GKD’nin etkin bir sekilde kullanilmasinin yani sira kuvvetin
hizli bir sekilde gelistirilmesi ve yiiksek gii¢ ¢iktist gerektirmektedir. Bu durum, kuvvet ¢alismalarinin
sahaya dogru sekilde aktarilmasini gerektirmektedir (Garcia-Pinillos ve ark., 2014). Kontrast antrenman
metodu, yiiksek agirliklarla yapilan kuvvet ¢alismalari ile yiiksek hizli pliometrik ¢alismalarin ayni set
icerisinde pes pese yapilmasi ile gergeklestirilmektedir (Kobal ve ark., 2017). Bir kuvvet antrenmaninin
sprint veya pliometrik egzersizlerle birlestirilmesi, tek basima kuvvet antrenmanina kiyasla futbol
performansinda daha fazla adaptasyona yol acacagi diisiiniilmektedir. Kontrast antrenmanin altinda
yatan temel mekanizma, aktivasyon sonra potansiyasyon etkisi ile agiklanabilmektedir. Aktivasyon
sonrasi potansiyasyon (ASP), yiiksek siddetli bir 6n aktivasyonun bir sonucu olarak akut kas giiciindeki
artig ve noromiiskiiler uyaranlarin katiliminin artmasi olarak ifade edilmektedir (Faude ve ark., 2013).
ASP etkisinin ortaya ¢ikisi ile ilgili farkli teoriler olsa da temel olarak miyozin diizenleyici hafif zincirin
fosforilasyonu, daha yiiksek motor {inite katilimi, siddetli uyaran sonrasi kas pennat agisinda meydana
gelen azalmanin sonucunda kas fibrilinden tendona gii¢ aktariminin kolaylasmasi ile agiklanmaktadir
(Bishop ve Tillin, 2009). Alt1 hafta veya daha uzun siireli kontrast antrenmanlarin kas kuvveti, gii¢c ve
noéromiiskiiler fonksiyonlarin adaptasyonlarinda etkili gelisim goriildiigii belirtilmistir. Bununla birlikte
kontrast antrenman metodunun uygulandigi futbol performansini inceleyen galigmalarda kontrast
antrenmanin biyomotor Ozellikler ve noromiiskiiler faktorlerinde gelisiminde etkili oldugu
goriilmektedir.

Literatiir incelendiginde, pliometrik ve kontrast antrenman programlarinin siirat, geviklik,
sigrama, aerobik kapasite (biyomotor ozellikler) ve noromiiskiiler faktorler {izerindeki etkilerinin
incelendigi ¢alismalara rastlanmigtir. Bununla birlikte, kuvvet ve giic antrenmanlarinin anaerobik hiz
rezervi lizerine etkilerinin incelendigi bir ¢alisma ile karsilagilmamigtir. Ayn1 zamanda pliometrik ve
kontrast antrenman sonucunda néromiiskiiler adaptasyonu incelemek i¢in elektromekanik gecikmenin
kullanildig1 ¢caligmalarin sayisi olduke¢a kisithidir.

Caligmamizda, kuvvet ve giic antrenmanlarinin potansiyel néromiiskiiler adaptasyonlarinin
incelendigi ve bu adaptasyonlarin futbola 6zgii dayaniklilik ve anaerobik hiz rezervi lizerine etkilerinin
incelenmesi amagclanmaktadir. Ozellikle kuvvet ve giic antrenmanlarinin anaerobik hiz rezervine
etkilerinin incelendigi herhangi bir aragtirmaya rastlanmamis olmasi nedeniyle, ¢alismamizin 6zgiin ve
degerli hale geldigi diisiiniilmektedir. Bu baglamda, pliometrik ve kontrast kuvvet antrenmanlarin
biyomotor 6zellikler ve ndromiiskiiler faktorler lizerindeki etkilerinin incelenmesi antrenman bilimi ve
uygulayicilar agisinda faydali olacagi diisliniilmektedir. Caligmamizin hipotezini geng erkek
futbolcularda kontrast ve pliometrik antrenman ydntemlerinin biyomotor ézellikler ve noromiiskiiler
faktorlerin iizerinde anlaml bir etkisi olacagi varsayimi olusturmustur.

YONTEM
Arastirmanin modeli

Bu calisma nicel aragtirma yontemlerinden tam deneysel arastirma modeli kullanilarak yapilmistir.
Arastirmaya baslamadan Once tiim katilimcilara yapilacak c¢alismalar hakkinda bilgilendirme
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yapilmistir. Katilimcilarin kuvvet adaptasyonlarini saglamak amaciyla iki hafta siireyle haftada 3 giin
hazirlik oturumlar1 tamamlandiktan sonraki hafta igerisinde on testler gerceklestirilmistir. On testlerin
gerceklestirilmesinin ardindan katilimeilar rastgele segilerek farkli gruplara atanmustir. Iki deney grubu,
futbol antrenmanlarina ek olarak sekiz hafta boyunca farkli antrenman yontemlerini uygularken kontrol
grubu ise futbol antrenmanlarina ek olarak herhangi bir miidahele almamistir. Sekiz haftalik antrenman
programlarinin ardindan katilimcilar son testleri gergeklestirmislerdir. Calisma siireci adaptasyon
oturumlari, On testler, deney siireci ve son testler dahil olmak iizere 12 hafta igerisinde tamamlanmaistir.
Veriler, gruplar arasindaki farkliliklar1 veya benzerlikleri belirlemek igin analiz edilmistir.

Arastirmanin ¢calisma grubu

Aragtirmanin evrenini, amator diizeyde aktif olarak TFF U17 Liginde oynayan futbolcularin tamami
olusturmaktadir. Arastirma evreninin tamamini ayrintilari ile incelemek maliyet ve zaman yoniiyle ¢ok
zor oldugu igin belirli bir hedef dogrultusunda, Orneklemin istenen niteliklere sahip kisilerden
olugmasinin amaglanmasi sebebiyle seckisiz olmayan 6rnekleme yontemlerinden “uygun 6rnekleme”
yontemi kullamlmistir. Bu baglamda calismamizin rneklemini, Istanbul Bolgesel Amatdr Lig
takimlarindan birisinin U17 takimi1 oyuncular ile olusturmustur. Katilimeilarin 18 yasindan kiigiik
olmalar1 sebebiyle c¢alismamiza baslamadan once tiim katilimcilarin kendilerinden ve velilerinden
imzali onay alinmistir. Caligmaya aktif olarak lisansli futbol oynayan ve en az 3 yil futbol gegmisi olan,
yaslar1 15-17 araliginda degisen n:27 erkek futbolcu katilmigtir. Calismadan ¢ikarilma kriteleri géz
Oniine alindiginda ¢alisma n:24 katilimci ile tamamlanmistir. Arastirmaya katilan goniillii katilimcilar,
belirlenen denek havuzundan segkisiz desene gore rastgele olarak atanarak pliometrik antrenman grubu
(PAG), kontrast antrenman grubu (KAG) ve kontrol grubunu (KG) olusturmustur.

Arastirmanin veri toplama araglart
Boy, Viicut Agirlig1, Yag Orani, Kas Kiitlesi ve Beden Kitle Indeksi Olgiimleri

Boy olglimleri, sirt1 diiz bir yiizeye dayali durumda, ayakta, bas dik ve gozler tam karsiya bakar
durumdayken (Frankfurt diizlemi) basin tepe noktasi ile ayak tabanlar1 aras1 mesafe dlgiilecek sekilde
yere sabit ayakli bir boy 6l¢er yardimi ile ol¢iilmiistiir (Mazicioglu, 2011). Viicut agirlig1, yag orani, kas
kiitlesi ve beden kitle indeksi dlciimleri i¢in biyoimpedans cihazi kullanilmistir. Olgiimler icin Tanita
MC-780MA model viicut kompozisyon cihazi kullanilmistir.

1 Tekrar Maksimal Degerlerinin Belirlenmesi

Antrenmanlar sirasinda yiiklerin dogru bir sekilde belirlenip antrenman programlarinin uygulanmasi
icin gruplar belirlendikten sonra deney gruplarinin squat egzersizindeki 1 tekrar sirasindaki kaldirdiklar
en yiiksek agirlik degerleri belirlenmistir. 1 tekrar maksimal (1TM) kuvvetinin belirlenmesi i¢in 20kg
olimpik bar ve olimpik plakalar kullanilmistir. Katilimcilar 10 dakikalik bir 1sinma setinin ardindan,
tahmini 1TM agirliklarinin %75-90 degerlerinde agirliklarla squat hareketini gerceklestirmislerdir. Her
katilimecidan yorgunluk ortaya cikip tiikenis gerceklesene kadar tekrar yapmaya devam etmeleri
istenmistir. Eger katilime1 10 tekrardan fazla gergeklestirirse 5 dk dinlendirildikten sonra kullandig:
agirligin %10’u eklenerek protokol tekrarlanmistir. Bir 1 TM’in tekrar sayisi iizerinden belirlenmesi igin;
1TM (kg) = Kaldirilan Agirlik/(1,0278-0,0278xTekrar Sayist) formiilii uygulanmistir (Brzycki, 1993).

Siirat Testleri ve Maksimum Sprint Hizinin Bulunmasi

Siirat testleri 0, 40 ve 50m’lik mesafelere yerlestirilen elektronik zaman sensorii NewTest Powertimer
300 ile kaydedilmistir. Katilimcilarin baglangi¢ kapisinin 1 m gerisinde olacak sekilde yerlesmeleri ve
kendilerini hazir hissettiklerinde maksimal bir sekilde 50 m mesafeyi gegmeleri istenmistir. Maksimal
sprint hizi (MSH) ile 40m siirat testinin sonuglar ile maglar sirasindaki maksimum sprint hiz1 arasinda
biiyilik bir iliski bulumustur (Djaoui ve ark., 2017). Bu sebeple MSH degerinin belirlenebilmesi i¢in
40m ve 50m zaman kapilar arasindaki mesafenin siiresi dikkate alinmustir.

Ceviklik Testi

Katilimeilarin geviklik performansin 6lgmek amaciyla “Arrowhead Ceviklik Testi” kullanilmistir.
Katilimcilardan hazir olduklarinda zaman kapisindan maksimal bir sekilde gecerek baslangi¢ noktasinin
10 m ilerisinde olan A noktasia kogmalar1, ardindan yapilan doniisiin yoniine bagli olarak A noktasinin
5 m saginda veya solunda bulunan B noktasina daha sonra A noktasinin 5 m ilerisinde bulunan C
noktasindan donerek baslandiklart zaman kapisindan geri donmeleri istenmistir. Testler ilk doniis
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yoniine bagl olarak arrowhead ilk doniis sola (AHSL) ve arrowhead ilk doniis saga (AHSG) olarak
isimlendirilmistir. Katilimcilardan AHSL ve AHSG icin ikiser deneme yapmalari istenmistir.

Sicrama Testleri

Sigrama testleri i¢in skuat sigrama (SS) ve aktif sicrama (AS) testleri kullanilmigtir. SS testi sirasinda
katilimcilardan 90 derecelik bir diz acisiyla, 2-3 saniyelik beklemenin ardindan asagi dogru hareket
gerceklestirmeden kendilerini maksimal bir sekilde yukar1 dogru itmeleri istenmistir. AS testi sirasinda,
katilimcilarin dik bir pozisyonda teste baslamalar1 ardindan asagi dogru hizla ¢okiip yukart dogru
maksimal bir sekilde sigramalar1 istenmistir. Sigrama testlerinden elde edilen sigrama yiikseklikleri cm
cinsinden degerlendirilmistir. Sigrama testleri Push 2.0 test cihazi ile 6l¢lilmiistiir.

Elektromekanik Gecikmenin Belirlenmesi

Elektromekanik gecikmenin (EMKG) belirlenebilmesi i¢in MP150, BIOPAC SYSTEM yiizeyel
elektromiyografi (sSEMG) kullanilmistir. EMG verileri AG-AGCI elektrotlar kullanilarak, 1000 Hz’de
toplanacaktir. Verileri toplamak i¢in Acqknowledge yazilimi kullanilmistir. EMG aktivitesi, dominant
bacaktaki; Rectus Femoris (RF) ve Biceps Femoris (BF) kaslarina yerlestirilen elektrotlar ile
dlciilecektir. Elektrotlar yerlesiminde “Avrupa Kaslarin Invazif Olmayan Degerlendirmesi I¢in SEMG”
(SENIAM) projesinin standartlar1 géz oniinde bulundurulmustur (Stegeman ve Hermens, 2007). EMG
elektrotlar1 yerlestirilmeden Once, deri ylizeyindeki killar ve o6li deri jilet ve alkol yardimiyla
temizlenmistir ve elektrotlar merkezden merkeze 20mm olacak sekilde yerlestirilmistir.

Elektromekanik gecikmenin belirlenebilmesi igin SS testi kullanilacaktir. Katilimcilar 1sinma
protokoliinii tamamladiktan sonra kuvvet platformunun tizerinde eller belde olacak sekilde, dizler femur
ve tibia arasinda 90 derece biikiilene kadar ¢comelecekler ve bu pozisyonda 2-3 saniye bekledikten sonra
maksimal bir sigrama gergeklestirmislerdir (Maixnerova ve ark., 2019). EMKG, EMG aktivitesinin
baslangici ile kuvvet iiretiminin basladig1 zaman arasindaki fark olarak hesaplanacaktir. Olgiimler
sirasinda kuvvet katkisinin baglangicini belirlemek amaciyla KISTLER marka kuvvet platformu
kullanilmagtr.

30-15 Araltk Dayanmikliik Testi (30-15 IFT)

Katilimcilardan, 6nceden kaydedilmis bir bip sesine uyum saglayarak 40m iki hat arasinda kogmalari
istenmistir. Bu aralikli dayaniklilik testi, 30 saniyelik mekik kosular1 ve aralardaki 15 saniyelik pasif
toparlanma donemlerinden olugmaktadir. Test 8 km/sa ile baglamakta ve her asamanin sonunda 0,5
km/sa yiikselmektedir. Katilimcilardan, 6nceden kaydedilmis bir bip sesine uyum saglayarak her iki
kenarinda ve orta noktasinda {i¢ hat bulunan 40 metrelik bir alan arasinda kosmalar1 istenmistir.
Oyunculardan tiikenene kadar testi siirdlirmeleri istenmektedir. Oyuncular tiikkendikleri veya arka arkaya
3 kez ses sinyali ile hatlara ulasamadiklarinda test sona ermektedir. Bu test, MAH degerleriyle
korelasyon gostermektedir. Ayni zamanda futbolun aralikli yapisina uygun olmasi sebebiyle
kullanilmasi 6nerilmektedir (Buchheit ve ark., 2021). Bu sebeple katilimcilarin MAH degerini bulmak
icin 30-15 IFT hiz degerleri (VIFT) kullanilacaktir. Aralikli dayaniklilik testi kullanarak MAH
degerlerini bulmak i¢in; vIFT= 1,2xMAH formiilii kullanilmaktadir.

Anaerobik Hiz Rezervinin (AHR) Belirlenmesi

Katilimcilar AHR degerlerini belirlemek i¢in siirat testleri araciligiyla bulunan MSH degerleri ile 30-15
IFT araciligiyla bulunan MAH degerleri arasindaki fark kullanilacaktir:

AHR (km/sa) = MSH — MAH
Antrenman programi

Deney gruplarindaki katilimcilar futbol antrenmanlarma ek olarak 8 hafta boyunca sali ve persembe
giinleri pliometrik ve kontrast antrenman programlarin1 uygulamislardir. Kontrol grubu ise 8 hafta
boyunca yalnizca futbol antrenmani gerceklestirmistir. Kuvvet antrenmanlari ile futbol antrenmani
arasinda 6 saatlik bir toparlanma siiresi eklenmistir. Deney gruplar1 antrenman 6ncesinde 10 dakikalik
dinamik 1sinma hareketlerinin ardindan 4 adet diisiik siddetten yiiksek siddete dogru ilerleyen aktif
sigrama gerceklestirmiglerdir. Daha sonra katilimcilar kendilerine ait antrenman programlarini
uygulamistir.  Antrenmanlarin  ardindan oyuncular 10 dakikalik statik germe hareketleri
gerceklestirmislerdir. Her iki deney grubuna ait antrenman programlar1 Tablo 1’de sunulmustur.
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Tablo 1. KAG ve PAG Antrenman Programi

Antrenman Haftalari KAG PAG
10 dakika dinamik 1sinma + 5 aktif sigcrama (%25, %50, %75, %100)
4x5 Squat (%70-90 1TM) 6x6 One Engel Sicramasi
1-4. Hafta + (30-45cm)
3 Aktif Sigrama
10 dakika statik germe
10 dakika dinamik 1stnma + 5 aktif sigrama (%25, %50, %75, %100)
5x5 Squat (%70-90 1TM) 8x6 One Engel Sicramasi
+ +
5-8. Hafta 3 Aktif Sigrama 15m Sprint
+
15m Sprint
10 Dakika Statik Germe

Arastirmanin veri analizi

Verilerin analizi i¢in IBM SPSS Statistics 24.0 programi kullanilmistir. Diisiik 6rneklem boyutuna sahip
calismalar (n<30) icin On sartlar1 yerine getirememesinden dolay1r parametrik olmayan testlerin
uygulanmasi onerilmektedir (Conover, 1999). Bu baglamda, ¢alismamizda farklarin gruplara gore
gosterdikleri degisimin belirlenmesi i¢in Kruskal-Wallis H Testi, aradaki farklarin belirlenmesi igin ise
Tamhane’s T2 post-hoc test uygulanmistir. Gruplarin kendi igerisindeki 6n test ve son test degerlerini
karsilastirmak i¢in Wilcoxon testi uygulanmaistir.

BULGULAR
Tablo 2. Katilimcilarin Demografik Degerlerine Iligkin Bilgiler
Degiskenler KAG PAG KG
Ortalama = SS Ortalama = SS Ortalama = SS

Yas (y1l) 16,00 + 0,53 16,00 + 0,53 16,00 + 0,53
Lisans (y1l) 7,00+ 1,77 6,25+ 1,66 6,13+£1,15
Boy (cm) 179,13 £5,81 175,88 5,02 176,63 +4,74
Kilo (kg) 64,80 + 5,44 69,52 + 7,12 64,27 £ 5,40
Yag Orani (%) 13,83 £2,13 14,65+ 1,78 14,02 + 1,85
Kas Kiitlesi (kg) 51,98 +£5,23 56,28 + 4,44 50,13 £ 5,85
BKI 20,30 + 1,79 22,50 +2,52 20,60 + 1,50

BKI: Beden Kitle Indeksi

Kontrast antrenman grubunun yas degerlerinin 16,00+0,53, lisansli olarak futbol oynadiklar1 yil
degerlerinin 7,00+1,77, boylarinin 179,13+5,81, kilo degerlerinin 64,80+5,44, yag orani1 degerlerinin
13,83+2,13, kas kiitlesi degerlerinin 51,98+5,23, BKI degerlerinin 20,30£1,79 goriilmiistiir. Pliometrik
antrenman grubunun yas degerlerinin 16,00+=0,53, lisansh olarak futbol oynadiklari yil degerlerinin
6,25+1,66, boylarmin 175,88+5,02, kilo degerlerinin 69,52+7,12, yag orani1 degerlerinin 14,65+1,78,
kas kiitlesi degerlerinin 56,92+4,44, BKI degerlerinin 22,50+2,52 oldugu goriilmiistiir. Kontrol
grubunun yas degerlerinin 16,00+0,53, lisansh olarak futbol oynadiklar1 yil degerlerinin 6,13+1,35,
boylarinin 176,63+4,74, kilo degerlerinin 64,27+5,40, yag orani degerlerinin 14,02+1,85, kas kiitlesi
degerlerinin 50,13+5,85, BKI degerlerinin 20,60+1,5 oldugu goriilmiistiir.

Tablo 3’de KAG, PAG ve KG siirat testi on test ve son test degerleri arasindaki farklar
incelendiginde her ti¢ grubun on test ve son test degerleri arasinda anlamli bir farklilik gozlemlenmistir
(p<0,05). Gruplar arasindaki gelisim farkliliklar1 incelendiginde 0-40 metre siiresinde KAG (p=0,001)
ve PAG (p=0,014) KG’ye gore istatistiksel olarak anlaml1 diizeyde daha yiiksek gelisim gostermistir.
Diger yandan 0-50 metre siiresinde ise KAG hem PAG hem de KG’ye gore istatiksel olarak anlaml
diizeyde gelisim gostermistir (p<0,001). PAG ise yalnizca KG’ye gore istatistiksel olarak anlamli
diizeyde gelisim gosterdigi gézlemlenmistir.

Tablo 3’de bulunan MSH 6n test ve son test arasindaki degerler incelendiginde KAG 6n test ve
son test degerleri arasinda anlamli bir farklilik géstermistir (p<0,05). PAG ve KG gruplarinin 6n test ve
son test degerleri arasinda anlamli bir farklilik gézlemlenmemistir. Gruplar arasindaki geligsimsel farklar
karsilastirldiginda KAG hem PAG hem de KG’ye gore istatistiksel olarak anlamli diizeyde gelisim
gostermistir (p=0,001).
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Tablo 3. Siirat ve Ceviklik Degerlerine iliskin Sonuglarin Karsilastiriimasi

Grup  Degiskenler On Test Son Test Fark (%) Fark (%) o
Ortalama +£SS  Ortalama £SS  Ortalama + SS 92095 GA
0-40 m (sn) 5,74 £ 0,20 5,64 +£0,20 1,72 £ 0,37 1,46 - 1,98 0,012
0-50 m (sn) 6,98 +0,25 6,84+ 0,24 2,02 +0,38 1,76 - 2,28 0,0117@
KAG MSH (km/sa) 29,23 +£1,38 30,28 + 1,44 1,56 +£2,82 -0,44 - 3,46 0,0177@®
AHSL (sn) 8,56+ 0,24 8,45+0,22 1,21 £ 0,45 0,90-1,52 0,012*
AHSG (sn) 8,49 + 0,22 8,42 + 0,20 0,83 + 0,70 034-1,32  0,012°
0-40 m (sn) 5,73+ 0,20 5,65+0,18 1,39+ 0,50 1,04-1,74 0,011™
0-50 m (sn) 6,95+ 0,25 6,87 £0,23 1,22 +£0,39 0,95-1,49 0,012
PAG MSH (km/sa) 29,59 + 1,28 29,60 £ 1,25 0,01 +1,33 -0,91-0,93 0,833
AHSL (sn) 8,53 +0,22 8,42 +0,21 1,33 +£0,78 0,79-1,87 0,012"
AHSG (sn) 8,43 40,25 8,33 + 0,24 1,14 + 0,73 0,63-1,65  0,017%
0-40 m (sn) 5,73+0,18 5,71 +£0,19 0,44 £ 0,62 0,01-0,87 0,09
0-50 m (sn) 6,97+ 0,22 6,95+ 0,23 024+044  -006-054 012"
KG MSH (km/sa) 29,10+ 1,03 28,89+ 0,98 -1,12+ 2,35 -2,75-0,51 0,26
AHSL (sn) 8,67+0,16 8,62+0,15 0,65 +0,37 0,39-0,91 0,01”
AHSG (sn) 8,57+ 0,19 8,56 = 0,16 0,20 + 0,49 -0,14 - 0,54 0,21

*: On Test-Son Test arasinda anlamli farklilik bulunmustur (p<0,05)., a: KG’ye gore anlaml diizeyde gelisim
gostermistir (p<0,05)., AHSL: Arrowhead Sola Déniis, AHSG: Arrowhead Saga Déniis, b: PAG’na gore anlamli
gelisim gostermistir (p<0,05)., MSH: Maksimum Sprint Hiz1

Tablo 3’de bulunan ¢eviklik testlerinin 6n test ve son test degerleri arasindaki farkliliklar incelendiginde
her ii¢ grup AHSL testinde anlamli bir farklilik géstermistir (p<0,05). Diger yandan AHSG testinde ise
KAG ve PAG 0n test ve son test degerleri arasindaki anlamli bir farklilik(p<0,05) gosterirken, KG 6n
test ve son test degerlerinde anlamli farklilik gézlemlenmemistir. Gruplar arasindaki gelisimsel farklar
karsilastirildiginda yalmzca PAG, AHSG testinde KG’ye gére anlamli diizeyde gelisim gostermistir

(p=0,028).
Tablo 4. Sigrama ve EMKG Degerlerine Iliskin Sonuglarin Karsilastiriimasi
Grup  Degiskenler On Test Son Test Fark (%) Fark (%)
Ortalama =SS Ortalama £SS  Ortalama = SS %95 GA
SS (cm) 33,13+5,16 36,80 + 4,43 10,27 £ 3,24 8,02 - 12,52 0,012
KAG AS (cm) 37,80 = 4,04 41,78 £3,29 9,65+ 3,22 7,42 -11,88 0,012
EMKG RF (ms) 122,00 £ 10,18 114,83 £6,37 6,12 +3,55 3,66 - 8,58 0,027"
EMKG BF (ms) 94,00 + 4,94 92,67 +5,72 1,62 + 5,67 -2,31-5,55 0,344
SS (cm) 34,16 £ 3,17 37,23 £ 2,66 8,32+3,77 5,71-10,93 0,012"
PAG AS (cm) 38,46 + 3,43 42,14 £2,71 8,85+2,90 6,84 - 10,86 0,012
EMKG RF (ms) 116,67 + 8,43 114,17 £ 10,89 2,68 + 8,99 -3,55-8,91 0,528
EMKG BF (ms) 91,83 +5,23 91,00 + 10,51 1,98 + 7,31 -3,09 - 7,05 1
SS (cm) 32,18 £4,00 33,45+ 4,08 3,74 + 4,06 0,93 - 6,55 0,01"
KG AS (cm) 36,33 + 3,90 37,41+ 3,70 2,92 + 3,60 0,43-541 0,01"
EMKG RF (ms) 121,57 +5,94 117,86 + 7,36 3,30 £4,20 0,39-6,21 0,06"
EMKG BF (ms) 94,71 +£5,28 98,29 + 4,07 -3,45+ 12,41 -12,05-5,15 0,2

*: On Test-Son Test arasinda anlaml farklilik bulunmustur(p<0,05)., a: KG’ye gore anlamh diizeyde gelisim
gostermistir (p<0,05)., AS: Aktif Sigrama, b: PAG’na gore anlamli geligim gostermistir (p<0,05)., EMKD RF:
Elektromekanik Gecikme Rectus Femoris, EMKD BF: Elektromekanik Gecikme Biceps Femoris, SS: Skuat
Sigrama

Tablo 4’de bulunan sigrama testlerinin KAG, PAG ve KG i¢in 6n test ve son testler arasindaki farklar
incelendiginde. Hem SS hem de AS testlerinde her {i¢ grubunda 6n test ve son testler arasindaki degerin
anlamli oldugu sdylenebilir (p<0,05). Gruplar arasindaki gelisimsel farklar karsilagtirildiginda, KAG,
SS testinde KG’ye gore anlamli diizeyde gelisim gostermistir (p=0,006). Aktif sigrama testindeki
geligim farklar karsilagtirildiginda ise hem KAG(p<0,001) hem de PAG(p<0,001), KG’ye gore anlaml
diizeyde gelisim gosterdigi gdzlemlenmistir. Her iki denek grubunun sigrama testleri sirasinda birbiriyle
arasinda anlamli bir fark bulunmadig1 gozlemlenmistir.
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Tablo 4’de bulunan elektromekanik gecikme 6l¢timlerinin gruplarin kendi igerisindeki 6n test
ve son testler arasindaki farklar incelendiginde, RF kasindaki EMKG degerlerinin KAG ve KG igin
anlaml diizeyde fark oldugu gozlemlenmistir (p<0,05). Diger yandan BF kasindaki EMKG degerleri
incelendiginde her ii¢ grup i¢in On test ve son test degerleri arasinda anlamli bir bulunmamustir. Gruplar
arasindaki gelisim farklari karsilastirildiginda ise her ii¢ grubunda arasinda hem RF hem de BF kasindaki
EMKG degerlerinde anlamli bir fark bulunmamustir.

Tablo 5. 30-15 AFT ve AHR Degerlerine iliskin Sonuglarin Karsilastiriimasi

Grup Degiskenler On Test Son Test Fark (%) Fark (%) 0
Ortalama £ SS Ortalama £SS Ortalama + SS %095 GA
KAG 30-15 AFT (km/sa) 19,38 + 0,64 20,00 + 0,60 3,12+1,75 1,91-4,33 0,015"
AHR (km/sa) 13,09 £ 1,25 13,61+ 1,44 0,39 + 6,46 -4,09 - 4,87 0,206
PAG 30-15 AFT (km/sa) 19,56 + 1,12 20,13+ 1,13 2,76 £ 2,98 0,70 - 4,82 0,034"
AHR (km/sa) 13,28+ 1,25 12,81+ 1,21 -0,25+ 3,37 -2,59 - 2,09 0,024
KG 30-15 AFT (km/sa) 19,13+ 1,13 19,38 + 0,92 1,32 £2,44 -0,37 - 3,01 0,16
AHR (km/sa) 13,18+ 0,57 12,75+ 0,84 -1,21+7,64 -6,50 - 4,08 0,08

*: On Test-Son Test arasinda anlamli farklilik bulunmustur(p<0,05)., 30-15 AFT: 30-15 Aralik Fitness Testi, a:
KG’ye gore anlamli diizeyde gelisim gostermistir (p<0,05)., AHR: Anaerobik Hiz Rezervi, b: PAG’na gore
anlamli geligim gostermistir (p<0,05).

Tablo 5°de bulunan 30-15 AFT testinin gruplarin kendi igerisindeki 6n test ve son testleri arasindaki
farklar1 incelendiginde, KAG ve PAG 6n test ve son test degerleri arasinda anlamli bir fark bulundugu
gbzlemlenmistir (p<0,05). Diger yandan KG ise 30-15 AFT testinin 6n test ve son test degerleri arasinda
anlamli bir gelisim gostermemistir. Gruplar arasindaki gelisimsel farklar karsilastirildiginda ise her ii¢
grup arasinda 30-15 AFT testinde anlaml1 bir fark bulunmamustir.

Tablo 5’de bulunan AHR degerleri incelendiginde ise biitiin gruplarin 6n test ve son testleri
arasinda pozitif yonde anlamli bir fark gézlemlenmemesine ragmen PAG ve KG 6n test ve son testleri
arasindaki farklarin anlamli olarak diisiis gosterdigi gozlemlenmistir (p<0,05). Gruplar arasindaki
gelisimsel farklar incelendiginde ise KAG, hem PAG hem de KG’ye gore AHR degerlerini anlamli
diizeyde gelistirmistir (p=0,016).

TARTISMA

Calismamizin amaci sekiz hafta boyunca uygulanan kontrast antrenman ve pliometrik antrenman
metotlarinin biyomotor 6zellikler ve ndromiiskiiler faktdrlere etkilerinin incelenmesidir. Biyomotor
ozellikler ve noromiiskiiler faktorlerin belirlenmesi igin 30-15 IFT, siirat, c¢eviklik, sicrama ve
elektromekanik gecikme paremetreleri incelenmistir. Ayn1 zamanda sekiz haftalik kuvvet ve giig
antrenmanlarinin futbolun iki uglu yapisini yansitan, oyuncularin lokomotor profillerinin ve mag
performanslarmin incelenmesine olanak saglayacagi diisiilen anaerobik hiz rezervine etkilerinin
incelenmesi amaclanmistir. Bu baglamda ¢aligmamizin ana bulgular1 incelendiginde KAG ve PAG’nin
0-40m, 0-50m, AS degerlerinde KG’ye gore anlamli farklar gézlemlenmistir. Diger yandan MSH, SS,
AHR parametrelerinde yalmizca KAG, KG’ye kiyasla anlamli farklar gostermistir. Deney gruplar
arasindaki gelisim farklar1 incelendiginde ise, KAG 0-50m, MSH ve AHR parametrelerinde PAG’ye
kiyasla anlamli farklar gostermistir. Belirtilen parametrelerin aksine AHSL, EMKG RF, EMKG BF, 30-
15 IFT degerlerinde deney gruplar1 ve KG arasinda anlamli farklar bulunmamaktadir.

Arastirmadaki siirat degerleri incelendiginde, her li¢ grubun 0-40m, 0-50m parametrelerinin 6n
test-son test sonuglar arasindaki farklarin anlamli oldugu goriilmektedir. Gruplar arasindaki farkliliklar
incelendiginde ise 0-40m parametresinde her iki deney grubunun kontrol grubuna gore anlamli oldugu
goriilmektedir. Diger yandan 0-50m parametresinde her iki deney grubu i¢in KG’ye gére anlamli bir
fark gozlemlenmesine ragmen KAG, hem PAG hem KG’ye gore anlamli olarak gelisim gosterdigi
gbzlemlenmistir. Siirat sirasinda ulasilan yiiksek hizlar, hizli kasilan kas fibrillerinin artigi ve artan motor
inite katilim1 gibi faktorlere bagl olarak ortaya ¢ikan daha biiylik kas giicii tiretiminin bir sonucu olarak
goriilmektedir (Spineti, 2018). Geng futbolcularla yapilan bir ¢alismada, pliometrik, kontrast ve kontrol
gruplarini igeren 8 hafta yiiriitiilen bir caligmanin sonunda, her iki deney grubunun da kontrol grubuna
kiyasla 40 metre sprint degerlerinde istatiksel olarak anlamli farklar oldugu gozlemlenmistir. Ayni
caligma igerisinde 0-40m sirasinda kontrast antrenmani uygulayan grubun daha yiiksek gelisim
ylizdelerine sahip olmasi calismamizla benzerlik gostermektedir (Hammami, 2019). Baska bir
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calismada ise 8 hafta boyunca yiiksek hizlarla yapilan skuat egzersizi, direngli kosular ve pliometrik
antrenman metotlar1 kiyaslanmis ve 50 metre siirat testinde skuat ve pliometri gruplarinin anlamli olarak
gelistigi gozlemlenmistir (De Hoyo ve ark., 2016). Literatiirde yer alan g¢aligmalarin biiyiik
¢ogunlugunda, arastirmamiza benzer sekilde pliometrik ve kontrast kuvvet antrenmanlar1 sonucunda
stirat degerlerinde yalnizca futbol antrenmanina goére anlamli gelisimler oldugu goriilmektedir. Bu
gelisimlerin kas-tendon sertliginin artmas, sinir iletim hizinin artmasi, motor tnite katilimda artig gibi
noromiskiiler faktorlerin gelisimine baglh oldugu disiiniilmektedir (Aloui ve ark., 2021). Calismamiz
icerisinde 0-50m parametresinde KAG lehine anlamli farklar bulunmasi ve 0-40m degerlerinde deney
gruplar arasinda anlaml bir fark gozlemlenmemesine ragmen KAG’nin %1,72 + 0,37, PAG’nin ise
%1,39 £+ 0,50 gelisim gosterdigi gdzlemlenmistir. Siirat sirasinda en yiiksek hiza ulasilan boliimlerde
daha fazla dikey kuvvet liretimi ve daha hizli zemin temas siirelerinin maksimal siirat yeteneginde daha
biiyiik gelismelere sebep olabilecegi agiklanmaktadir (Ramirez-Campillo ve ark., 2015). Bu sebeple
maksimale yakin dikey ylikler {izerine sigrama egzersizleri kullanilan kontrast antrenman metodunun
maksimal siirate daha biiyiik bir etkisi oldugu diisiiniilmektedir. Calismamizin bulgulari icerisinde yer
alan MSH degerleri incelendiginde yazarlarin diisiincesine uygun olarak KAG’nin, hem PAG hem de
KG’ye gore anlamli olarak gelisim gosterdigi goriilmektedir.

Caligmamizin bulgulart ve belirtilen ¢aligmalarin aksine, yapilan bazi ¢alismalarda pliometrik
ve kontrast antrenmanin kronik etkilerinin siirat degerleri iizerinde anlamli etkileri olmadig:
gozlemlenmistir (Spineti ve ark., 2018; Faude ve ark., 2013; Markovic ve ark., 2007). Bu durumun
sebebinin c¢aligmalarin uygulandigi donem, antrenman programlart ve egzersizlerin antrenmanin
ozgilligii ilkesine bagl olarak se¢ilmemesi olarak diigiilmektedir.

Sporcularin gii¢ ve siirat performanslari arasindaki iligki incelendiginde genel olarak daha giiclii
olan sporcularin siirat performanslarinda daha iyi bir performans gosterdikleri sdylenebilmektedir
(Comfort ve ark., 2014). Bu baglamda ¢alismamizda hem siirat hem de sigrama parametrelerinde her iki
deney grubunun KG’ye kiyasla daha yiliksek oranda gelisimler gostermis olmasi bu diisiinceyi
dogrulamaktadir. Calismamiza benzer sekilde kontrast antrenman ve pliometrik antrenmanin birbiri ile
kiyaslandig1 ¢alismalar incelendiginde, 8 hafta siirdiiriilen kontrast, pliometrik ve geleneksel kuvvet
antrenmanlarinin aktif sigramaya etkileri incelendigi bir ¢alismada her 3 grup icin de dikey sigramada
anlamli gelismeler kaydedildigi gozlemlenmistir (Kobal ve ark., 2017). 10 hafta boyunca siirdiiriilen
pliometrik ve sprint ¢alismalarinin birlestirildigi bir ¢alismada, AS testinde kontrol grubuna gdre anlaml
gelismeler gozlemlenmistir (Villarreal, 2015). Bir bagka ¢alismada ise 6 hafta siirdiiriilen pliometrik
antrenmanin sonucunda pliometrik antrenman yapan grup SS testinde (+%7,55) kontrol grubuna gore
anlaml1 diizeyde gelisim gostermistir (Buzdagh ve ark., 2022). Calismamiz igerisindeki her iki deney
grubu arasindaki farklar incelendiginde, her iki grubun 6n test ve son testleri arasindaki farklarin hem
SS hem de AS parametrelerinde anlamli olmadig1 goériilmektedir. Gelisimlerin yilizdelik farklarina géz
oniine alindiginda ise SS testinde KAG: %10,27 £ 3,24, PAG: %8,32 &+ 3,77 AS testinde ise KAG:
%9,65 £ 3,22, PAG: %8,85 £ 2,90 gelisim gosterdigi goriilmektedir. Sekiz haftalik kontrast antrenmanin
sonucunda gozlemlenen bu lstliin artiglar, aktivasyon sonrasi potansiyasyondan kaynaklanan
fosforilasyona, kas pennat agisinin kii¢lilmesinden kaynaklanan kas fibrilinden tendona gii¢ aktariminin
kolaylagsmasina ve gerilme refleksinin uyarilmasina baglh oldugu disiiniilmektedir (Pagaduan, 2018;
Tillin ve Bishop, 2009). Sigrama ve siirat degerlerindeki goz oniine alindiginda ise her iki deney
grubunun néromiiskiiler faktorlerin adaptasyonuna olumlu yanitlar verdigi diigiinilmektedir.

Noromiiskiiler faktorlerin adaptasyonu g6z oOniine alinirken degerlendirilmesi gereken
parametrelerden bir tanesi de EMKG kavramidir. Elektromekanik gecikme, motor iinitenin aktivitesinin
baslamas1 sonucunda gerceklesen kas aktivasyonu ile hareket baslangicini belirten ilk kuvvet {iretimi
arasindaki fark olarak tamimlanmaktadir. Literatiirde EMKG’nin atletik performans tizerindeki etkilerini
inceleyen arastirmalarin sayisi oldukga kisithidir. Yapilan bir ¢alismada, daha hizli kuvvet liretme
oranina sahip ve daha sert kas-tendon yapisina sahip sporcularin daha diisik EMKG siirelerine sahip
oldugu gozlemlenmistir. Yapilan baska bir ¢caligmada ise kas-tendon sertligi ve sigrama yiiksekligi ile
EMKG arasinda korelasyon goézlemlenmistir (Maixnerova ve ark., 2019). Bagka bir ¢aligmada
gergeklestirilen sekiz haftalik pliometrik antrenmanin sonucunda EMKG degerlerinin anlamli diizeyde
azaldig1 gézlemlenmistir (Wu ve ark., 2010). Sekiz haftalik pliometrik antrenman ve direng antrenman
programlarinin uygulandigi baska bir caligmada ise EMKG degerlerinde anlamli bir degisiklik
gbzlemlenmemistir (McKinlay ve ark., 2018). Literatiir taramasinda kontrast antrenman metodunun
EMKG degerleri lizerine etkilerinin incelendigi bir ¢alisma ile karsilasilmamistir. Yapilan galigsmalar
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incelendiginde noromiiskiiler faktorlerin adaptasyonuna bagli olarak EMKG degerlerinde azalmalar
beklenmektedir. Calismamizin bulgularinda KAG ve KG, EMKG RF degerlerinde 6n test-son test
Ol¢iimleri arasinda anlaml bir fark gozlemlenmistir. Bununla birlikte, EMKG BF degerlerinde biitiin
gruplarin On test-son test degerlerinde anlamli farklar gozlemlenmemistir. Gruplarin yiizdesel
gelisimleri goz Oniine 6niine alindiginda degerlerin birbirine yakin oldugu ve farkli kas gruplarinda
farkli gelisimlerin gozlemlendigi goriilmektedir. Buna ragmen rectus femoris kasinda KAG adimna
gbzlemlenen %6,12 + 3,55 degerindeki gelisim maksimale yakin dikey yonde kuvvet calismalari igeren
kontrast antrenman metodunun sigrama 6zelliginde ana kas grubu olan quadriceps kaslari tizerinde etkili
olabilecegi diisiiniilmektedir. Gruplar arasindaki anlamsiz artislar gelismelerin futbol antrenmanlarinin
etkisine bagli olarak gerceklestigini diisiiniilmektedir.

Pliometrik ve kontrast antrenmanlarin ¢eviklik tizerindeki etkileri incelendiginde, 8 haftalik
kompleks, kontrast ve geleneksel antrenman metotlarinin karsilastirildigr bir calismada deney
gruplariin ceviklik yeteneginde anlamli bir gozlenmemistir (Kobal, 2017). Brito ve ark., tarafindan
yapilan ¢aligmada ise kolej seviyesindeki erkek futbolcularin dahil oldugu 9 hafta boyunca kompleks,
pliometrik ve geleneksel kuvvet antrenmanlar1 gerceklestirilmistir. Bu ¢alisma sonucunda deney
gruplarinin tamaminin g¢eviklik yeteneginde anlamli bir fark bulunmamistir (Brito ve ark., 2014).
Yapilan bir meta analiz ¢caligmasinda, kompleks ve kontrast antrenmanlarin yon degistirme yetenegi
iizerindeki etkilerinin ¢ok kii¢iik oldugu belirtilmistir (Cormier ve ark., 2020). Bu calismalarin aksine,
baska bir calismada 12 haftalik bir kontrast antrenman programinin sonucunda balsam ¢eviklik testinde
kontrast antrenman grubu istatistiksel olarak anlamli diizeyde geligmistir (Garcia-Pinillos ve ark., 2014).
Pliometrik antrenmanin néromiiskiiler ve performans adaptasyonlarinin incelendigi bir meta analizde
calismasinda ¢eviklik performansinin pliometrik antrenmanlarin sonucunda +%1,5-10,2 araliginda
degistigini belirtmistir (Markovic ve Mikulic, 2010). Calismamizin bulgular1 igerisinde deney
gruplariin her iki taraftaki geviklik testlerinin 6n test-son test arasindaki farklarin anlamli oldugu
goriilmektedir. Ancak her iki deney grubundan yalmizca PAG, AHSG parametresinde KG’ye gore
anlamli bir gelisim gdstermistir. Caligmamizdaki ceviklik yetenegindeki tutarsiz farkliliklar,
literatiirdeki caligmalart desteklemektedir. Bu durumun sebebinin, ¢alismamizda deney gruplarinin
antrenman programlarinin daha c¢ok dikey yonlerde egzersizleri ve dogrusal diizlemde siirat
calismalarini icermesinden kaynaklandigi diisiiniilmektedir.

Futbol, yiiksek siddetli aktiviteler ile diisiik siddetli aktivitelerin aralikli olarak birbirini takip
etmesi nedeniyle noromiiskiiler faktorler ile metabolik faktorlerin karmagik bir sekilde kullanilmasini
gerektirmektedir. Bu sebeple kuvvet ve gilic antrenmanlarinin futbolun aralikli yapisina nasil etki
edeceginin belirlenmesi olduk¢a 6nemli goriinmektedir. Oyuncularin aerobik kapasitelerini olusturan
maksimal oksijen tiiketimini, aerobik ve anaerobik enerji sistemlerinin kullanimini 6l¢gmek i¢in pek ¢ok
alan testi bulunmaktadir. Yo-Yo Aralikli Toparlanma Testi (Yo-Y0 ATT) ve 30-15 IFT aralikli sporlart
uygulayan sporcular i¢in olduk¢a uygun goriinmektedir. Yapilan bir ¢aligmada 7 haftalik kontrast
antrenman programinin sonucunda Yo-Yo ATT’de gelismeler gozlense de bu gelismeler kontrol
grubuna gore anlamli olarak farkli degildir. Bu durum c¢aligmalar igerisinde devam eden futbol
antrenmaninin etkileri olarak degerlendirilmistir (Faude, 2013). Baska bir ¢aligmada ise 12 haftalik
kuvvet ve gii¢ antrenmanlarinin kombinasyonundan olusan bir programin sonucunda Yo-Yo ATT
testinde anlamli farkliliklar gozlemlenmistir (Wong ve ark., 2010). Ramirez-Campillo ve ark.,
tarafindan gergeklestirilen ¢aligmada 6 hafta siiren hafta 2 kez yapilan pliometrik antrenmanin
sonucunda dayaniklilik performansinin 6l¢iildiigii Yo-Yo ATT testinde anlamli diizeyde performans
artis1 gozlemlenmistir (Ramirez-Campillo ve ark., 2015). Calismamizin bulgulari1 g6z 6niine alindiginda
ise, KAG ve PAG 0n test-son test sonuglarinda anlamli gelisimler gostermislerdir ancak gruplarin
arasindaki farklar karsilagtirildiginda deney gruplar ile KG arasinda anlamli farklar bulunmamustir.
Yine de yiizdesel gelisimler géz oniine alindiginda KAG (%3,12 = 1,75) ve PAG (2,76 + 2,98), KG’ye
(1,32 + 2,44) oranla anlamli olmasa da daha fazla gelisim gosterdigi soylenebilmektedir. Kuvvet ve giic
gelistirmeye yonelik antrenmanlarin sonucunda ortaya cikan gelismelerin kosu ekonomisinden
kaynaklandigi diisiiniilmektedir. Dayaniklilik sporculariin katildigi bir ¢alismada 12 hafta boyunca
kuvvet, patlayic1 ve pliometrik ¢aligmalari i¢ceren antrenman programinin kosu ekonomisi, maksimal
oksijen tiiketimi ve kosu mekanigi {izerine etkileri incelenmistir. Calisma sonunda kuvvet antrenman
programint uygulayan grubun kosu ekonomisinde ve yer temas siiresi, adim sikligi, adim frekansi gibi
kosu mekanigini etkileyen parametreler tizerinde anlaml gelisimler gosterdigi gézlemlendi (Giovanelli
ve ark., 2017). Yapilan bir doktora tez c¢alismasinda, kosu ekonomisinin gelisiminde direng
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antrenmanlart ve pliometrik antrenmanlarin kosu ekonomisinin gelisimi i¢in 6nemli oldugu
belirtilmistir. Ayni ¢alismada yazar, kosu ekonomisinin performans igin énemli bir gosterge oldugunu
belirtmistir (Kizilet, 2011). Literatiirdeki ¢calismamiza benzer sekilde kuvvet ve gii¢ antrenmanlarinin
sonunda dayaniklilik performansinda goriilen diigiikk orandaki gelismelerin kosu ekonomisi ve kosu
mekanigini etkileyen néromiiskiiler faktorlerin gelisimine bagl oldugu diisiiniilmektedir.

Futbolun iki uglu yapisimi incelerken hem ndromiiskiiller hem de metabolik faktdrlerden
etkilenen AHR futbol performansini belirlemek igin 6nemli bir kavram olabilir. Anaerobik hiz rezervi,
tekrarlanan sprintler sirasindaki yorgunluk indeksi ile onemli Olclide korelasyon gostermektedir.
Tekrarlanan sprintlerin futbolcularin yiiksek siddetli kosular ve kat edilen mesafe gibi pek futbol
performansim etkileyen faktorlerle iliskili oldugu agiklanmistir (Rampinini, 2007). Ayn1 zamanda
benzer aerobik kapasitelere sahip sporcularda yiiksek AHR’ye sahip olanlarin daha iyi bir yarisma
performans gosterecegi diisiiniilmektedir (Sandford, 2019b). Mevcut literatiir incelendiginde kuvvet ve
AHR iligkisinin incelendigini ¢alisma gozlemlenmemistir. Anaerobik hiz rezervinin tekrarli sprintler ile
iligkili oldugu go6z oOniine alindiginda ise, Aloui ve ark., pliometri ve ¢eviklik c¢aligsmalarini igeren
antrenman programinin sonunda tekrarli sprint siirelerine olumlu etkiler gdzlemlemistir (Aloui ve ark.,
2021). Yapilan bagka bir calismada ise, 10 hafta boyunca patlayicit kuvvet antrenmani programini
uygulayan bir grubun maksimal siirat degerlerinde gelismeler gozlense dahi tekrarli sprint parametreleri
iizerinde etkisi olmadig gézlemlenmistir (Buchheit ve ark., 2010). Baska bir ¢alismada tekrarli sprint
yetenegi ile alt ekstremite noromiiskiiler aktivasyonda onemli Olciide iliski oldugu belirtilmistir
(Brocherie ve ark., 2014). Baldi ve ark., ise sigrama testleri kullanilarak Glgiiden néromiiskiiler
faktorlerin tekrarli sprint yetenegiyle onemli 6lgiide iliskili oldugunu gozlemlemistir (Baldi ve ark.,
2017). Calismamizin bulgulari incelendiginde, KAG’nin hem PAG hem de KG’ye gore anlamli diizeyde
artmig oldugu goriilmektedir. KAG sonucunda ortaya ¢ikan ndéromiiskiiler adaptasyonlar géz oniine
alindiginda néromiiskiiler faktorlerin gelisimini AHR iizerinde olumlu etkileri oldugu diisiiniilmektedir.
Bununla birlikte néromiiskiiler faktorler iizerinde etkili olmast beklenen pliometrik antrenmanlarin
sonucunda PAG, AHR degerlerini -0,25 + 3,37% oraninda diisiirdiigii goriilmektedir. Bu sebeple
AHR’yi gelistirmek i¢in Onemli olan noromiiskiiler Ozelliklerin ne oldugunun incelenmesi
gerekmektedir. Calismamizda KAG grubunun MSH’de her iki gruba gore anlamli gelisimler gosterdigi
gorlilmektedir. Yapilan calismalarda MSH ve tekrarli sprint hizinda biiyiik 6l¢iide iliski oldugu
gozlemlenmistir. Bu baglamda, ¢alismamizin bulgularinda kontrast antrenman programi sonrasinda
anlaml diizeyde gelisen MSH siirelerinin tekrarli sprint, AHR gibi futbol performansini belirleyen
faktoler tizerinde olduk¢a 6nemli oldugu diistiniilmektedir.

SONUC

Calismamiz ve mevcut caligmalar incelendiginde, kontrast antrenman ve pliometrik antrenman
metotlarinin néromiiskiiler faktdrler {izerinde 6nemli etkilere sahip oldugu soylenmektedir. Her iki
antrenman metodu ¢esitli giic ve dayaniklilik 6zelliklerini gelistirmektedir. Bununla birlikte kullanilan
antrenman metodunun egzersizlerinin antrenmanin 6zgiilliikk ilkesine uygun olarak tasarlanmasi
onerilmektedir. Daha fazla dikey yonde egzersizler i¢eren ¢aligsmalar dikey sigrama ve maksimale yakin
hizlarda fayda saglayacaktir ancak ¢eviklik gibi 6zellikleri gelistirmek i¢in yanal yonlerde egzersizlerin
kullanilmas1 gerekmektedir. Diren¢ ve pliometrik egzersizlerin bir arada kullanildigi antrenman
programlarinin néromiiskiiler 6zelliklerde daha fazla gelisim saglayacag: diisiiniilmektedir. Bununla
birlikte kuvvet antrenmanlar1 sonucunda gelisen kosu ekonomisi, yer temas siiresinin azalmasi ve kosu
mekanigindeki gelismelerin sonucunda dayamklilik 6zelliklerinin gelisebilecegi sdylenebilir. Sonug
olarak, biyomotor 6zellikler ve néromiiskiiler faktorlerin gelismesi i¢in haftada 2 giin 8 hafta boyunca
uygulanan kontrast antrenman metodunun futbol performansi i¢in onemli gelismeler gosterdigi
gorlilmistiir. Uygulayicilara giic gelistirme donemlerinde futbol antrenmanlarina ek olarak diigiik
hacimlerle kontrast antrenman metodunu uygulamalar1 6nerilmektedir.

ONERILER
Sonraki aragtirmalarda;
» Kuvvet ve gii¢c antrenmanlari ile anaerobik hiz rezervi arasindaki iliskiler incelenebilir.

» Kuvvet ve gii¢ antrenmanlarinin sonucunda olusacak néromiiskiiler gelisimin tekrarli sprint yetenegi
ve anaerobik hiz rezervi lizerindeki etkileri ayni1 anda incelenebilir
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* Cok yonlii ve tek yonlii egzersizleri igeren kontrast ve pliometrik antrenmanlarin ¢eviklik {izerindeki
etkileri karsilagtirabilir.

» Kontrast antrenman metodunun kosu mekanigi ve kosu ekonomisine etkileri incelenebilir.
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The Impact of Differential Learning and Functional Strength Training on
Biomechanical Performance Parameters in Tennis Athletes*

Ozan OZDEMIRY", Asiye Filiz CAMLIGUNEY??, Niyazi Giiven ERDIL?

AbStI'aCt Keywords

Aim: The study aimed to investigate the effects of tennis athletes engaging in differential learning Differential Learning,
and functional strength training, alongside their routine tennis training, for 8 weeks on  Functional Strength Training,
performance parameters in tennis, including serve speed, serve accuracy, serve depth, racquet Tennis,

path, and racquet speed, by interpreting it from a biomechanical perspective. Biomechanics.

Methods: A total of 45 tennis athletes from the Turkish Interuniversity Tennis League were
divided into three separate groups: the differential learning group (age: 20.7 + 1.4 years; height:
171.4 £ 6.4 cm), the functional strength training group (age: 20.3 + 0.9 years; height: 169.6 + 4.3
cm), and the control group (age: 20.1 + 1.3 years; height: 169.2 +4.5 cm). The functional strength
training group engaged in modified biceps push-ups, modified triceps push-ups, and shoulder
raise exercises, whilst the differential learning group participated in tennis serve modeling using
soft materials, racquet throwing, and serving practice involving various distances and styles,
alongside their functional training regimen. Before and after these training programs, which were
conducted twice a week before routine tennis training for a duration of 8 weeks, biomechanical
assessments and serve measurements were taken.

Results: There was a significant improvement favoring the differential learning group in the

racquet side path, racquet behind head velocity, racquet side head velocity, total racquet head Article Info
velocity, racquet behind path, total racquet path Received: 26.01.2024
compared to the functional strength training group and the control group (p <0.05). Accepted: 07.05.2024

Conclusion: When combined with functional strength training, differential learning seems to ~ ©Online Published: 15.06.2024
enhance the t_nomechamcal pgrgmeters among tennis athletes compared to those who onIyDOI:10.18826/useeabd.1414267
undergo functional strength training.

Tenis Sporunda Uygulanan Farkhiikla Ogrenme ve Fonksiyonel Kuvvet
Antrenmanlarimin  Biyomekaniksel Perspektif Acisindan Performans

Parametreleri Uzerine Etkisi

Ozet Anahtar Kelimeler
Amag: Tenis sporcularinin 8 hafta siiresince rutin tenis antrenmanlarina ek olarak farklilikla Farkhilikla Ogrenme,
ogrenme ve fonksiyonel kuvvet antrenmani yapmalarinin teniste performans parametrelerinden Fonksiyonel Kuvvet
servis hizi, servis isabeti, servis derinligi, raket yolu ve raket hizina etkisini biyomekanik Antrenmanlari,
perspektiften aragtirmak amaglanmaktadur. Biyome-li—aer?illj
Yontem: Calismaya Tiirkiye Universitelerarast Tenis Ligi oyuncusu olan 45 tenis sporcusu '
farklilikla 6grenme antrenman grubu (yas: 20,69 + 1,44 y1l; boy: 171,35 £+ 6,39 cm), fonksiyonel

kuvvet antrenman grubu (yas: 20,31 + 0,91 yil; boy: 169,62 + 4,30 cm) ve kontrol grubu (yas:

20,08 £ 1,26 y1l; boy: 169,16 + 4,47 cm) olarak katilmistir. Fonksiyonel kuvvet antrenman grubu

modifiye biceps smnavi, modifiye triceps sinavi ve shoulder rise egzersizlerini yapmustir.

Farklilikla 6grenme antrenman grubuna fonksiyonel kuvvet antrenmanlarina ek olarak yumusak

materyal ile tenis servisi modellemesi, raket firlatma ve farkli mesafelerden servis ¢aligmasi

uygulanmustir. 8 hafta boyunca rutin tenis antrenmanlar1 6ncesinde haftada 2 kez uygulanmis olan

bu antrenman programlarinin dncesi ve sonrasinda sporculara biyomekanik ve servis dlgiimleri

yapilmgtir.

Bulgular: Farklilikla 6grenme antrenman grubu, kontrol grubu ve fonksiyonel kuvvet antrenman

grubunun arkadan raket yolu, yandan raket yolu, toplam raket yolu, arkadan raket kafasi hizi, Yayin Bilgisi
yandan raket kafasi hizi, toplam raket kafasi hizi gelisim farki yiizdesi degerleri arasinda Gonderi Tarihi: 26.01.2024
farklilikla 6grenme grubunun lehine pozitif olarak istatistiksel olarak anlamli fark bulunmustur Kabul Tarihi: 07.05.2024
(p<0,05). Online Yaym Tarihi: 15.06.2024

Sonug: Farklilikla 6grenme antrenmanlar1 fonksiyonel kuvvet antrenmanlari ile uygulandiginda
sadece fonksiyonel kuvvet antrenmani uygulayan gruba gore tenis sporcularinin biyomekanik 5510 18826/useeabd. 1414267
parametrelerinde daha fazla gelisim saglamaktadir.
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3 Marmara Universitesi, guven.erdil@marmara.edu.tr

* Produced from the first author's doctoral thesis.

98


https://orcid.org/0000-0003-3084-8558
https://orcid.org/0000-0003-0363-3025
https://orcid.org/0000-0002-7478-3111

IJSETS Journal, 2024, VVolume 10, Issue 2, 98-109 0. Ozdemir, A.F. Camhgiiney, N.G. Erdil

INTRODUCTION

Tennis is characterized as a complex sport requiring many performance parameters that necessitate
consistent and high-level demonstration during competition. In tennis, mastering sport-specific technical
skills is crucial, with physical performance factors also playing a significant role in achieving peak
performance (Fernandez-Fernandez et al., 2014). Tennis involves various types of strokes, including
volley, ground stroke, spike, and serve, which are utilized at different times and frequencies throughout
the competition (Kermen, 2002). Of these parameters, the tennis serve, which is the first hit at the
beginning of the point, is of particular importance.

When analyzing tennis service parameters, speed, depth, and accuracy emerge as the three most
crucial factors. The speed of the serve poses challenges for the opposing player, while the depth aims to
maximize the distance for their response. Additionally, accuracy refers to the server's ability to precisely
hit the designated area required to initiate the point. Research has shown that the average serve speed of
adult male tennis athletes, who train an average of 13.1 + 3.8 hours per week, is 189.9 + 15.3 km/h.
(Hayes et al., 2021). Meffert et al. also reported that the first serve hit rate averaged at 64 = 7 for both
male and female players across 28,843 distinct points, derived from 124 matches during the 2016
Wimbledon tournament, as per IBM data (Meffert et al., 2018). However, all of data comes from
professional level players and they do not focus on recreatioanal level such as university tennis players.
In addition, the development of strength, power, coordination, and balance components is considered
pivotal for achieving an effective tennis serve. For instance, it was reported that the torque produced
during elbow extension significantly affected serve speeds, as evidenced by force measurements of the
upper extremity (Cohen et al., 1994). Therefore, training programs aimed at improving the upper
extremity are likely to enhance service parameters. Indeed, Behringer and colleagues showed that an 8-
week plyometric exercise program improved serve speed (Behringer et al., 2013). In this growing body
of literature, studies on static and dynamic stretching have also shown that dynamic exercises are more
effective in enhancing tennis serve speed and accuracy values compared to static exercises (Gelen et al.,
2012). However, attempting to develop a shot that demands such versatile skills using traditional
methods, which focus on each component separately, incurs increased costs in terms of both time and
energy and differential learning training is essential at this point.

Differential learning (DL) approaches are a model that aims to take learning beyond the usual
model, with the specific goal of enhancing multifaceted development rapidly by surpassing familiar
patterns in training. This phenomenon is also characterized as the learning of motor skills that lead to
more enduring performance and quicker responses to various situations, as well as to be subconsciously
ready for changing environmental conditions and to adapt at the earliest time (Erdil, 2016). DL similarly
emphasizes improvement by encompassing the entire movement rather than advancing specific elements
incrementally within a branch. When developing complex movements such as a tennis serve, DL doesn't
divide it into smaller parts. Instead, it identifies focal points and facilitates development by integrating
the tennis serve with other movements. In the tennis serve, the racket's downward movement after
contacting the ball facilitates landing it in the designated service area. In DL, the racket is positioned
upward, serving the ball over the service line rather than the end line, to direct it downward with the
wrist's extension. In this way, tennis player must angle the racket head more downward to serve
accurately to ensure that the flow of movement required for the tennis serve remains uninterrupted,
allowing for efficient execution of the planned focus on the "racquet head dropping" technique. In
particular, training methods such as serving from an elevated platform, rather than from the standard
height, offer greater efficacy for players encountering difficulties in clearing the net. Moreover, this
approach enables uninterrupted practice of the tennis serve flow (Hernandez-Davo et al., 2014).
However, there is a gap in literature to research the effects of DL on biomechanical parameters of tennis
serve. The sudies merely focus on the biomechanical parameter such as racket pat hor head speed. In
addition, sample evidence suggests that DL provides longer-term development compared to classical
training. While both classical training and DL resulted in similar improvements, subsequent post-test
results revealed that classical training returned to initial levels shortly thereafter, whereas DL maintained
its performance levels close to those achieved at the end of the intervention (Hegen et al., 2016). Most
likely, this is attributed to the enhanced activation of the brain and learning processes by DL, resulting
in longer-lasting effects. Giiven Erdil characterizes this as the learning of motor skills that offers various
performance benefits, including achieving sustained performance, reacting rapidly to situations,
maintaining subconscious readiness for changing environmental conditions, and adapting promptly
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(Erdil, 2016). There is also no enough study on serve parameters of recreational tennis players which
trains by DL.

Functional Strength Training (FST) aims to develop strength through dynamic movement
patterns, highlighting full-body engagement rather than isolated muscle groups. Furthermore, FST is
known to enhance proficiency in specific functional movements within targeted domains rather than
focusing solely on maximal strength gains. In support of this, while movement-specific plyometric
studies reported an increase in tennis serve speed, traditional resistance exercises did not yield
significant improvements (Behringer et al., 2013). Moreover, the specificity of training programs
designed to the particular sport branch is a crucial factor that greatly enhances development efficiency
by focusing on targeted movements. For instance, serve speed was reported to improve following tennis-
specific strength and power training in semi-professional tennis players (Williams, 2020). When studies
are not specifically considered for tennis, the achieved efficiency was reported to be notably low.
However, following a training intervention utilizing elastic bands and light weights, tennis players
experienced a 6% increase in maximum speed values and a 7.9% increase in average speed values
(Treiber et al., 1998). In the study, even the control groups showed small increases, ranging from 1.8%
to 2.3%. However, these gains remain relatively low when compared to the development needs of
modern players. Therefore, considering the demand for athletes to achieve high efficiency in a short
period, DL and FST appear to be preferred interventions over traditional training models, as they can
offer efficiency across multiple components. Subsequently, this study aimed to determine the rapid
development of high-level athletes’ performance in tennis after DL and FST interventions.

The DL approach, which represents a deliberate and radical shift in movement patterns, offers
the chance to engage in multidisciplinary work, conserving time and energy by concurrently developing
numerous motor skills. Differential learning methods aim to save time and energy by expediting the
individual's learning and acquisition process, particularly in multi-component skills such as the tennis
serve, through a focus on 'efficient' learning tailored to each specific goal. Tennis, characterized by its
demanding skill requirements and prolonged specialization process, necessitates innovative learning
methodologies. Numerous distinct learning approaches are being developed for specific sports
disciplines. The number of variations to which this method can be applied is almost unlimited. This
study aimed to examine the impact of DL combined with FST on performance parameters in tennis
athletes.

METHOD
Model of the research

The study's design comprised experimental research with three distinct groups that included a control
group, a pre-test group, and a post-test group (Karasar, 2007).

Study group of the research

The study's sample size was calculated using the G Power 3.1.9.4 analysis software, with an assumed
effect size of d = 0.8 and an alpha error level of 0.05, indicating that 28 participants were required.
Therefore, a total of 45 participants were recruited, with 15 participants assigned to each group. Given
the non-parametric distribution exhibited by the participants, analysis utilizing the Wilcoxon-Mann-
Whitney test from the t-test family was conducted. The participant group involved 45 licensed athletes
who voluntarily participated in the Interuniversity Tennis League, organized by the Turkish Universities
Federation. The participants were divided into groups using a table of random numbers. Each participant
was assigned a number ranging from 1 to 45, and subsequently, individuals were allocated to their
respective groups based on the generated random numbers. The first group was designated as the
"learning with difference™ group, the second group as the “functional strength™ group, and the third
group as the control group. Following the group assignments, 15 athletes were allocated to each group,
and the training programs were planned accordingly.

Participants were provided with comprehensive information about the study and informed of
their right to withdraw at any time in accordance with the Helsinki protocol. The participants were
divided into three separate groups: the DL group (age: 20.69 £ 1.44 years, height: 171.35 + 6.39 cm,
body weight: 63.56 = 10.86 kg, BMI: 21.64 + 2.68 kg/m2), the FST group (age: 20.31 + 0.91 years,
height: 169.62 + 4.30 cm, body weight: 66.10 + 4.54 kg, BMI: 22. 98 + 1.46 kg/m?), and the control
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group (age: 20.08 = 1.26 years, height: 169.16 &+ 4.47 cm, body weight: 63.81 + 3.28 kg, BMI: 22.30 +
0.56 kg/m?).

Data collection tools of the research

In our study, both pre- and post-tests were administered, and the training programs were fully conducted
in person under the guidance of a trainer. Pretest measurements were conducted in November 2022,
while the final measurements were taken in January 2023 after the completion of the 8-week training
regimen. All measurements were conducted on the tennis courts under room temperature conditions,
between 9:00 and 11:00 in the morning. Participants were adequately rested and had been provided with
nourishment prior to the measurements.

Standard dynamic tennis warm-up protocols were applied in before measurements. The warm-
up program consisted of 5-8 minutes of general mobility and dynamic exercises, followed by
approximately 5 minutes of shoulder exercises. Subsequently, tennis-specific exercises, including a
tennis serve warm-up, were incorporated, as outlined in Fernandez-Fernandez's (2014) protocol.

The following measurements were taken in the study.

Height and Weight Measurements: Height measurements were conducted using a stadiometer
(Secca 213) with a sensitivity range of 0.1 mm, administered by the same researcher. Measurements
were taken in the early morning hours, with participants barefoot and wearing minimal clothing to ensure
accuracy.

Biomechanical Measurements: Racquet head speed measurements, Racquet head path
measurements. Two separate videos were recorded of the participants during their serve: one from
behind and another from the right. Images extracted from these videos were then uploaded to Kinovea
0.9.5 Video Analysis Program. In the video analysis program, the distance covered by the racket was
computed along two distinct axes. The distance calculated along two separate axes provided the actual
distance covered in the 3-dimensional plane, as determined the Pythagorean relation. The calculated
distance and calculated time provided the Racket distance and speed in accordance with the laws of
Newtonian motion (Serway et al., 2018). Given that all participants were right-dominant players, the
service was recorded from the right side to ensure that the body did not obstruct the view of the racket's
path during the serve.

Tennis Service Performance Measurements: Serve accuracy measurements, serve depth
measurements, and service speed measurements.

To assess the participants' serve speed, the initial measuring officer was stationed with a radar positioned
diagonally behind the participant's right side, aligning with the direction of the tennis ball's movement.
The radar's trigger was activated from the moment the participant's racket made contact with the ball
and was held down for an adequate duration. The numerical value displayed on the electronic screen
was verbally announced and recorded by the observer. A total of 24 service speed measurements were
conducted for each participant.

To ascertain whether the participant's serve reached the designated area, a second measuring
officer was positioned on the left side of the court, adjacent to the serving side and aligned parallel to
the service line. Throughout each service, the observer monitored whether the serve successfully landed
within the designated areas. Specifically, the observer noted whether the serve hit the intended target or
the appropriate area. Services failing to hit these designated zones were marked as "Aut." A total of 24
serve accuracy measurements were conducted for each participant.

To evaluate whether the participant's serves hit the power field, a third measuring officer was
placed on the left side of the court, on the serving side, and next to the end line of the tennis court.
During each serve, the observer monitored whether the ball landed within the power zone. For serves
that successfully reached the power area, the term 'Double’ was announced loudly. A total of 24 serve
depth measurements were recorded for each participant.

Following the pre-test measurements, an 8-week training program began, incorporating
standard dynamic tennis warm-up protocols. These protocols consisted of 5-8 minutes of general
mobility and dynamic exercises, followed by approximately 5 minutes of shoulder exercises.
Subsequently, tennis-specific exercises, including a tennis serve warm-up, were integrated into the
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training regimen (Fernandez-Fernandez 2014). After the completion of the 8-week training periods,
post-tests were administered in an identical manner to the pre-tests. Before conducting the post-test
measurements, the same warm-up protocol was applied, and identical measurements were conducted
for all study groups.

Data analysis of the research

The collected data were analyzed using the SPSS (Statistical Package for Social Sciences), Windows
version 22.0 program. Descriptive statistics including counts, minimum and maximum values, means,
and standard deviations were calculated. Normality tests were conducted using Q-Q plot analyses,
histograms, and Shapiro-Wilk values. Outlier values were retained in the dataset, and non-parametric
tests were utilized for datasets that did not exhibit a normal distribution. For intra-group pre- and post-
test comparisons, paired t-test was applied for normally distributed values, and the Wilcoxon sequential
signs test was used for non-normally distributed values. In normally distributed groups, one-way
ANOVA analysis was conducted to assess the significance levels of the first and last test data across the
groups. Post-hoc analysis using Games-Howell method was employed for intergroup analysis. For
groups that did not exhibit normal distribution, Kruskal-Wallis analysis was applied, followed by
pairwise post-hoc analysis.

For comparisons between groups, the development difference percentages were calculated
using the following formula:

% Development Difference = [Last value - Initial value] / Initial value x 100 was applied (Silva, 2019).

Subsequently, one-way ANOVA analysis was conducted for the percent development difference
groups showing normal distribution. Games-Howell post-hoc analysis was used for intergroup analysis
in normally distributed datasets. For groups that did not display normal distribution, Kruskal-Wallis
analysis was applied, followed by pairwise post-hoc analysis.

FINDINGS

The findings obtained as a result of the research are presented in the following tables.

Table 1. Demographic characteristics of differential learning and functional strength groups

Age and Height n Min Max Mean SD
Differential learning Height (cm) 15 150 188 171.35 6.39
Age (y) 15 19 23 20.69 1.44

Functional strength training Height (cm) 15 157 177 169.62 4.30
Age (y) 15 18 22 20.31 0.96

Control Height (cm) 15 167 174 169.16 4.47

Age (y) 15 18 22 20.08 1.26

SD: Standard deviation
Various descriptive results are detailed in the table (Table 1).

Table 2. Pre- and post-test results of biomechanical parameters of the differential learning group

Biomechanical parameters n Min Max Mean SD p
Pre-racquet behind path (m) 15 1836 34.30 27.96 4.37 009
Post-racquet behind path (m) 15 2145 3542 29.72 4.22 '
. Pre-racquet side path (m 15 855 16.26 13.05 1.97
Distance Post-racchuet sideF;)ath ((m)) 15 958 2018 1534 2.65 <001
Pre-total racquet path (m) 15 2812 39.75 30.95 4.07 <001
Post-total racquet path (m) 15 3042 4198 33.56 4.10 '
Pre-racquet behind head velocity (m/s) 15 4166  52.67 46.68 7.42 <001
Post-racquet behind head velocity (m/s) 15 4212 55.76 49.25 8.06 '
. Pre-racquet side head velocity (m/s 15 1912 2456 20.38 3.84
Velocity Post-ra(:(;uet side head velocit);((m/s)) 15 1812 2567 2331 384 <001
Pre-total racquet head velocity (km/h) 15 17256 199.56 183.65 27.96 <001
Post-total racquet head velocity (km/h) 15 17856 221.87 196.41 29.89 '

p<0.05; Independent Samples t Test, SD: Standard deviation

There was a significant difference between pre- and post-test in biomechanical parameters of the DL

group (Table 2) (p<0.05).

102



IJSETS Journal, 2024, VVolume 10, Issue 2, 98-109 0. Ozdemir, A.F. Camhgiiney, N.G. Erdil

Table 3. Pre- and post-test results of biomechanical parameters of the functional strength training group

Biomechanical parameters n Min Max  Mean SD p
Pre-racquet behind path (m) 15 2345 3216 28.34 2.12
Post-racquet behind path (m) 15 2412 3523 27.61 4.22 946
. Pre-racquet side path (m) 15 1122 17.05 15.65 2.66
Distance Post-racquet side path (m) 15 1224 19.23 1518 2.47 <001
Pre-total racquet path (m) 15 2712 3575 3249 1.74 <001
Post-total racquet path (m) 15 3042 3798 31.69 3.40 '
Pre-racquet behind head velocity (m/s) 15 47.46 5864 51.12 4.09 <001
Post-racquet behind head velocity (m/s) 15 4402 56.79 50.75 4.17 '
Velocity Pre-racquet side head velocity (m/s) 15 19.08 2753 2275 3.58 <001
Post-racquet side head velocity (m/s) 15 16.15 24.63 2254 2.10 '
Pre-total racquet head velocity (km/h) 15 162.53 21246 201.70 16.19 <001
Post-total racquet head velocity (km/h) 15 179.56 231.27 200.19 1294 '

p<0.05; Independent Samples t Test, SD: Standard deviation
No significant difference was noted in biomechanical parameters in the FST group (Table 3) (p>0.05).

Table 4. Pre- and post-test results of biomechanical parameters of the control group

Biomechanical parameters n Min Max  Mean SD p
Pre-racquet behind path (m) 15 23.74 38.86 30.34 4.26
Post-racquet behind path (m) 15 2115 40.12 3057 4.37 623
. Pre-racquet side path (m) 15 11.63 18.07 1444 1.62
Distance Post-racquet side path (m) 15 10.69 1812 14.26 1.63 337
Pre-total racquet path (m) 15 2849 4195 33.70 3.76 746
Post-total racquet path (m) 15 26.37 4312 3384 3.82 '
Pre-racquet behind head velocity (m/s) 15 40.15 65.21 4957 6.56 907
Post-racquet behind head velocity (m/s) 15 38.72 63.16 49.63 6.51 '
Velocity Pre-racquet side head velocity (m/s) 15 19.72 29.34 2277 3.26 859
Post-racquet side head velocity (m/s) 15 18.12  25.67 23.82 3.56 '
Pre-total racquet head velocity (km/h) 15 17256 199.56 196.77  23.27 343
Post-total racquet head velocity (km/h) 15 156.72 246.75 198.63 23.16 '

p<0.05; Independent Samples t Test, SD: Standard deviation

No significant difference was noted in biomechanical parameters in the Control group (Table 4)
(p>0.05).

Table 5. Pre- and post-test results of service parameters of the differential learning group

Serve parameters n Min Max Mean SD p
Pre-target area hit 15 0 13 5.08 3.38 288
Post-target area hit 15 2 13 6.08 3.33 )
Pre-other area hit 15 0 5 2.54 1.51 337
Post-other area hit 15 1 5 2.54 1.51 )
Pre-total hit 15 0 13 7.92 3.45 654
Post-total hit 15 3 14 8.08 3.28 )
Pre-out 15 7 20 16.08 4.09 885
Post-out 15 24 21 15.92 3.28 )
Pre-average velocity (m/s) 15 42.12 109 89.02 14.92 858
Post-average velocity (m/s) 15 51.78 130 90.09 23.52 )
Pre-accurate serve average velocity (m/s) 15 72.54 155 78.54 29.54 299
Post-accurate serve average velocity (m/s) 15 68.32 122 87.60 23.52 )
Pre-Out Serve Average Velocity (m/s) 15 67.88 1237 90.08 21.62 804
Post-Out Serve Average Velocity (m/s) 15 46.67 120.5 91.52 24.12 )

p<0.05; Independent Samples t Test, SD: Standard deviation
Significant improvements in service parameters were observed in the DL group (Table 5) (p < 0.05).
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Table 6. Pre- and post-test results of service parameters of the functional strength training group

Serve parameters n Min Max Mean SD p
Pre-target area hit 15 1 6 4.62 2.36 877
Post-target area hit 15 2 7 4.69 1.80 )
Pre-other area hit 15 3 8 3.85 1.46 240
Post-other area hit 15 4 11 3.46 1.76 )
Pre-total hit 15 4 7 8.46 1.56 597
Post-total hit 15 7 12 8.15 1.63 )
Pre-out 15 8 15 15.54 1.56 597
Post-out 15 9 12 15.85 1.63 )
Pre-average velocity (m/s) 15 4254 109.22 99.34 19.99 152
Post-average velocity (m/s) 15 5112 130.43 98.40 19.45 )
Pre-accurate serve average velocity (m/s) 15 7245 155.68 102.41 23.82 990
Post-accurate serve average velocity (m/s) 15 68.63 122.25 102.39 22.03 )
Pre-out serve average velocity (m/s) 15  39.50 99.12 88.55 3.19 395
Post-out serve average velocity (m/s) 15  46.12 102.54 88.04 3.06 )

p<0.05; Independent Samples t Test, SD: Standard deviation
No significant changes in service parameters were noted in the FST (Table 6) (p > 0.05).

Table 7. Pre- and post-test results of service parameters of the control group

Serve parameters n Min Max Mean SD p
Pre-target area hit 15 0 13 5.62 3.71 717
Post-target area hit 15 1 14 5.85 3.34 )
Pre-other area hit 15 0 5 2.15 1.68 247
Post-other area hit 15 0 5 2.92 1.71 )
Pre-total hit 15 2 13 7.77 4.15 144
Post-total hit 15 5 14 8.77 2.55 )
Pre-out 15 9 19 16.23 4.5 146
Post-out 15 10 19 15.31 2.59 )
Pre-average velocity (m/s) 15 59.07 126.91 92.64 17.53 408
Post-average velocity (m/s) 15 60.9 124.67 92.09 16.39 )
Pre-accurate serve average velocity (m/s) 15 52 125.4 91.93 19.45 764
Post-accurate serve average velocity (m/s) 15 53.56 125.78 91.73 18.85 )
Pre-out serve average velocity (m/s) 15 65.33 129.30 93.26 18.79 528
Post-out serve average velocity (m/s) 15 74.10 130.56 92.95 19.70 )

p<0.05; Independent Samples t Test, SD: Standard deviation
No significant changes in service parameters were noted in the Control group (Table 7) (p > 0.05).

Table 8. Developmental differences between groups with parametric distribution

Biomechanical Parameters CG FST DL
. Mean Difference — 16.7 19.57
Racquet side path (m) p-value — <001 < 001
. . Mean Difference — 5.31 6.187
Contral Racquet behind head velocity (m/s) o-value — 0.004 < 001
Racquet side head velocity (m/s) Mean Difference — 10.9 14.28
4 Y p-value — 0.039 0.087
. Mean Difference — 6.00 7.60
Total racquet head velocity (km/h) p-value — < 001 Z 001
. Mean Difference — 2.83
Racquet side path (m) p-value — 0.606
. . Mean Difference — 0.878
Functional Racquet behind head velocity (m/s) p-value — 0.818
strength training . . Mean Difference — 3.39
Racquet side head velocity (m/s) o-value — 0.847
. Mean Difference — 1.59
Total racquet head velocity (km/h) p-value — 0.490
Racquet side path (m) Mean Difference —
p-value —
. . Mean Difference —
Differential Racquet behind head velocity (m/s) o-value —
learning Racquet side head velocity (m/s) Mean Difference —
p-value —
Total racquet head velocity (km/h) Mean Difference —
p-value —

*One-way ANOVA, Games- Howell Post-hoc analysis
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There was a significant improvement favoring the differential learning group in the Racquet side path,
Racquet behind head velocity, Racquet side head velocity (m/s), and Total racquet head velocity
compared to the functional strength training group and the control group (Table 8). (p < 0.05).

Table 9. Developmental differences between groups with non-parametric distribution

Biomechanical Parameters CG FST DL
. w — -3.082 0.075
Conral Racquet behind path (m) p-value — 3445 0.039
Total racquet path (m) w — -4.678 -5.040
quetp p-value — 0.003 0.001
. w — -0.544
Functional strength Racquet behind path (m) p-value — 0.922
training w — 0.761
Total racquet path (m) o-value — 0.853
Racquet behind path (m) w —
. . . p-value —
Differential learning W —
Total racquet path (m) p-value —

* Kruskal-Wallis, Pairwise Post-hoc analysis

There was a significant improvement favoring the differential learning group in the Racquet behind
path and Total racquet path compared to the functional strength training group and the control group
(Table 9).

DISCUSSION

There are many different DL trainings to improve skills in sports. DL has more positive effects on the
hitting quality of football players than classical approaches (Oftadeh et al., 2022). For example, It is
known that practicing techniques during a game, such as hitting the football with one arm raised or
attempting to maintain a position with one eye closed, can have positive effects on athletes' adaptability
(Erdil, 2016). Especially DL and training in diverse pressure environments are known to improve the
adaptation abilities of athletes. A crucial aspect of this training lies in focusing on footwork as the
primary starting point. Instead of depending solely on conventional footwork techniques, tennis players
can elevate their footwork by incorporating methods like jump-sprint-step laddering, resulting in
significant enhancements in performance (Benko et al., 2007).

Tennis is a sport which play in diverse pressure environments and it demands a good footwork
from players. Within these instructional models, various verbal communication techniques are employed
to help athletes practice specific movement patterns. For instance, rather than instructing to ‘move your
racket downwards and then upwards, coaches might say, 'try reversing your racket motion from 9
o'clock to 3 o'clock.' Similarly, instead of simply saying 'bend your waist backward," coaches might
encourage athletes with, ‘imagine you're lifting a prize and assume that posture," making the movement
easier to visualize and practice (Meier et al., 2020). In a study focused on speed enhancement, the
differential learning group engaged in exercises like serving from positions 1 meter inside or 1 meter
outside the service line, resulting in a higher increase in service speed compared to the classical study
group (Hernandez-Davo et al., 2014). Our study aligns with prior research examining tennis serves from
various positions and racket throws. Also the study contains DL trainings that have visual and verbal
trainings and these kind of trainings improve the results of players and the results are similar with
previous studies in literature.

Considering that DL involves a wide array of training methodologies, it is important to design
the training to be both suitable and effective. For instance, in a study examining the transferability of
gains from one foot to the other bilaterally among football players, DL techniques were applied to the
non-dominant feet. However, no significant difference was observed in pre- and post-training values for
the dominant foot (Sener, 2018). Similarly, our study revealed that there was no significant difference
in the service accuracy values of the players before and after the DL training. DL is also recognized to
impact participants' attention spans. Choosing the right DL training method to improve skills is very
important. Indeed, a previous research has identified significant differences between pre-test and post-
test data on attention spans following the application of DL to the participants (Topsakal, 2019),
supporting our findings showing the application of service modeling training with soft material and DL
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group resulted in positive improvements in service parameters. Also, in a study conducted on handball
athletes, significant improvements were noted in participants' agility, t-test, and obstacle test scores
following DL (Cakat et al., 2022). Given that the tennis serve demands both dynamic and static balance,
our study evaluated the positive effects of DL on serve parameters. Tennis serve also needs high level
of agility and DL trainings are effect it positively.

Tennis serve is a kinetic chain movement that requires technique and coordination as well as
involves the whole body (Williams, 2020). The FST is important for high coordination level and The
FST applied in our study also provided improvements in the hitting performances of the athletes because
many muscle groups come into play during the tennis serve. According to previous research, there is a
significant relationship between isokinetic trunk rotation and functional medicine ball exercises
(Ellenbecker et al., 2004). The fact that the biceps and triceps muscles work in an agonist-antagonist
relationship during the serving flow underscores the high coordination demands on these muscle groups.
Our study contains biceps and triceps push-up tainings and they improve the functional strength. In
another study, concentric and eccentric exercises were administered to training groups, and their
outcomes were compared with those of a control group. Notably, both training groups exhibited an
approximately 11% enhancement in serve speed performance. Furthermore, improvements were
observed in measurements taken at 60 and 180 degrees inside and outside the shoulder (Mont et al.,
1994). In our study, we also found a significant differences in deltoid muscle strength measurements
between the FST group and other groups (p <0.05) and the deltoid strength is highly related to the power
of tennis serve. Another study has indicated that deceleration holds equal importance to acceleration in
muscle movement, showing the crucial role of eccentric force development in athlete training (Kovacs
et al.,, 2008). In our study, we observed a statistically significant difference between the right biceps,
left biceps, right triceps, left triceps, right deltoid, and left deltoid values in the FST group, highlighting
an improvement following the FST program (p<0.05). In addition, a significant relationship was also
noted between DL and FST groups in right deltoid strength, consistent with earlier research findings.
The results show that FST training is useful to improve tennis serve performances because of the effect
of them on the upper-extremity muscle groups.

A study applying a protocol resembling ours investigated the alterations in serve speeds and
serve accuracy. In this study, one group engaged in plyometric training twice a week for 8 weeks, while
another group performed machine-based resistance exercises. After the training intervention, a higher
percentage of serve speed improvement was found in the serve speeds of the group doing tennis-specific
plyometric training compared to the group doing machine-based resistance training, while no difference
was evident in the serve accuracy values between the groups (Behringer et al., 2013). In a study, it was
found that roughly 65% of the power generated in the service originates from the shoulder, with
approximately 40% attributed to internal rotation of the shoulder joint (Elliott, 2006). In our study, we
observed improvements in both right and left deltoid strength values following FST. In another study
by Hayes and colleagues, they compared service speeds with various measurements taken on a power
platform. They reported a significant relationship between serve speed values and peak power values,
counter-movement jump values, as well as internal and external shoulder rotation measurements (Hayes
etal., 2021). These findings corroborate our results, demonstrating an enhancement in serve speed while
observing no alteration in serve accuracy because applying FST is much more effective from the
machine-based resistance training is tennis because of the real-time effect of it.

In a study, serves were performed under conditions of both eyes open and closed. The average
racket speed was measured at 32.93 £ 5.67 m/s with eyes open and 28.06 + 4.74 m/s with eyes closed.
Furthermore, it was observed that the total distance covered by the racket decreased when participants
performed serves with closed eyes (Giblin et al., 2017). In our study, following the learning training
with a similar approach, a serve speed of 54.56 + 8.30 m/s and an improvement percentage of 7.01%
were achieved. Additionally, the average racket path increased by 2.61 meters compared to baseline
measurements. In another study involving professional tennis athletes, the movement speeds of various
body parts during the tennis serve were analyzed, revealing a hand speed of 47 mph (equivalent to 75.64
km/h) (Kibler, 1995). It's worth noting that in our study, we measured the speed of the racket rather than
directly measuring the speed of the hand. Moreover, we calculated the average speed value throughout
the entire movement. Therefore, any observed differences in speed measurements may stem from these
methodological distinctions.
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In another study, the lower and upper extremity strengths and serve speeds in tennis athletes
were measured before and after the competition, and it was reported that the participants' internal
shoulder rotation forces and average serve speeds constantly decreased (Martin et al., 2016). In our
study, it is highly probable that conducting serve and strength measurements outside of a competitive
environment prevented athlete burnout, consequently resulting in the absence of a consistent decrease
in the specified values during the test measurements.

Furthermore, field-based studies using biomechanical analysis have reported that making small
fluctuating movements in the movement planes of the hand holding the racket during the serve could
reduce the speed and accuracy of the serve (Anttnez et al., 2012). In the present study, we used the
Kinovea Video Analysis Program known for its affordability, portability, and user-friendly interface
(Adnan et al., 2018). This software is both reliable and valid, offering a practical solution that can be
readily utilized by coaches and recreational clubs, in contrast to more costly movement analysis systems
(Delgado-Garcia et al., 2022). After our interventions, the fluctiotion of the serve reduces and gets better
the serve performance. It enhances the results of some essential parameters of tennis serve; depth and
speed.

CONCLUSION

Based on the data obtained in the present study, it appears that differential learning have a significant
impact on the biomechanical parameters of the participants when administered alongside functional
strength training.

SUGGESTIONS

Further studies are warranted to expand upon the current findings, particularly by including larger
groups of participants and extending the duration of the training period. Additionally, exploring the
application of these findings across different sports branches would contribute to a more comprehensive
understanding.
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Amag: Bu ¢alismanin amaci, profesyonel futbolcular {izerinde gergeklestirilen ve 10 haftalik Hiz,
bir siire¢ boyunca uygulanan 30 metrelik hiz ve kompleks antrenmanlarin, yiiksek siddetli kosu Futbol,
ve sprint aktivite profiline olan etkisini incelemektir. Antrenman,

Yontem: Balikesir spor takiminda futbol oynayan 20 A takim futbolcusu, basit rastgele Kompleks antrenman.

ornekleme yontemiyle segilerek arastirmaya katilmistir. Katilimeilar, deney ve kontrol grubu
olarak ikiye ayrilmistir. Deney grubundaki sporculara, takimlarinin futbol antrenmanlarinin
diginda haftada bir giin ek olarak 30 metrelik hiz ve kompleks antrenman uygulanmistir. Deney
ve kontrol grubuna 1. hafta 6n 6lgiim, 5. hafta ara 6lgiim ve 10. hafta son dlgiim olmak tizere
toplam {i¢ 6l¢iim alinmistir. Veriler, GPS temelli Polar Team Pro cihazi kullanilarak elde
edilmistir. Elde edilen veriler repeated measures ANOVA testi kullanilarak analiz edilmistir.
Arastirmada anlamlilik degeri 0,05 olarak belirlenmistir.

Bulgular: 30 metre hiz ve kompleks antrenman uygulanan deney grubu; yiiksek tempolu kosu
aktivite profilinde kontrol grubuna gore anlamli farklilik gosterirken (p<0.05), sprint kosu
aktivite profilinde kontrol grubuna gore anlamli farklihik gdstermemistir (p>0.05). Yiiksek

tempolu kosu aktivite profilinde deney grubu ile kontrol grubu arasindaki fark incelendiginde; Yavin Bilgisi
deney grubunun ortalamalar1 1., 2. ve 3. dl¢iimde giderek artarken, kontrol grubunda artis Gonderi Tarihi: 28.03.2024
gostermemistir. Kabul Tarihi: 13.06.2024

Sonug: Sonug olarak futbolcular iizerinde yapilan ¢alismada 30 metre hiz ve kompleks Online Yaym Tarihi: 15.06.2024
antrenmanin yiiksek siddetli kosular tizerinde deney ve kontrol grubu arasinda fark
olustururken, sprint kosu tizerinde herhangi bir fark olusturmamaistir.

The Effect of 30 Meter Speed and Complex Trainings Applied to Football
Players on High Intensity and Sprint Running Profiles

DOI: 10.18826/useeabd.1460720

Abstract Keywords

Aim: This study aims to examine the effects of 30-meter speed and complex training, conducted Speed,
over a 10-week period, on the high-intensity running and sprint activity profiles of professional Football,
football players. Training,

Methods: Twenty first-team football players from the Balikesir sports team were selected using Complex training.

simple random sampling to participate in the research. Participants were divided into
experimental and control groups. The experimental group received an additional 30-meter
speed and complex training once a week, alongside their regular football training. Three
measurements were taken for both groups: a pre-test in the 1st week, an intermediate test in the
5th week, and a post-test in the 10th week. Data were collected using GPS-based Polar Team
Pro devices and analyzed with repeated measures ANOVA. The significance level was set at
0.05.

Results: The experimental group, which underwent the 30-meter speed and complex training,
showed a significant difference in high-intensity running activity profiles compared to the

control group (p<0.05). However, no significant difference was observed in the sprint running Article Info
activity profiles between the two groups (p>0.05). In the high-intensity running activity profile, Received: 28.03.2024
the experimental group's averages increased progressively across the 1st, 2nd, and 3rd Accepted: 13.06.2024
measurements, while no such increase was observed in the control group. Online Published: 15.06.2024

Conclusion: The study concluded that 30-meter speed and complex training created a
difference in high-intensity running profiles between the experimental and control groups but

did not affect sprint running profiles. DO1:10.18826/useeabd 1460720
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GIRIS

Spor, diinya genelinde yasamin ayrilmaz bir pargasi haline gelmistir. Giiniimiizde bir¢ok insan aktif
veya pasif olarak spor etkinliklerine katilarak sporla iligkili ekipmanlar satin almaktadir. Ayrica gesitli
medya araglari ile milyarlarca insana spor etkinliklerini takip etmesine olanak tanimaktadir (Kilci ve
ark., 2023). Birgok isletmenin dogrudan veya dolayli olarak sporla ilgilendigi gézlemlenmektedir (Li ve
ark., 2001). Bireylerle toplum arasindaki iliskileri gelistiren ve ayn1 zamanda toplumun yticeltilmesine
katkida bulunan 6nemli bir unsur haline gelmistir. Gelisen veya gelismekte olan toplumlar, sporu bir
propaganda araci olarak gérmiis ve kendilerini temsil etmesi i¢in genclerin en iyi sekilde egitilmesinin
gerekliligine inanmislardir (Yetim, 2016). Diinya genelinde, devletler sporun toplum i¢in dnemini ve
degerini bilerek uluslararas: diizeydeki organizasyonlarda yer almak ve basarili olmak i¢in biiyiik ¢aba
gostermektedirler (Oztiirk, 1998). Bu nedenle, spor giiniimiiz toplumlarmda yaygmn bir sekilde
kullanilan sosyal kurumlarin 6nciistidiir. Bireyin sosyal, ruhsal ve fiziksel gelisimine yardimci olmak
temel amacidir. Ayrica, cagdas toplumlari olusturan en 6nemli sosyal olgunun spor oldugu bilinmektedir
(Yetim, 2000). Ote yandan diinya ve iilkemizde en popiiler spor branslarindan biri futboldur (Giinay ve
ark., 2008). Dil, din, irk ayrim1 yapmadan, bireylerin egitim seviyesi ve sinifi ne olursa olsun, hayatlarini
zenginlestirebilen ve yenileyebilen potansiyele sahip olan futbol, seyir zevki yiiksek bir oyundur.
Kendini bir topluluga ait hissetme ve ifade etme araci olarak futbol, izleyiciler ve genis Kkitleler
tarafindan benimsenir (Tekin ve Topkaya, 2005). Son yiizyilda en ¢ok c¢aba harcanan ve en yiiksek
ekonomik sermayeye sahip spor bransi futboldur. Spor kuliipleri, UEFA siralamalari, yerel ligde sezon
boyunca elde ettikleri puanlar, stadyuma gelen seyirci sayisi, piyasadaki degerleri, yaymlardan elde
ettikleri gelirler ve sponsorluk anlagsmalar1 gibi faktorlerle sportif acidan etkili ve basarili olmaya
calisirken yaptiklar1 harcamalar ve karsilastiklar1 yiiksek maliyetlerle miicadele etmektedirler (Cati ve
ark., 2017).

Futbolcularin galigsma sartlarini iyilestirebilmek ve seyircilere daha iyi zevk ve haz vermek igin
bilim ve spor bilimi etkilesime girerek futbola gelismeler saglamis ve genis kitlelere yayilmasin
kolaylagtirmistir (Giinay ve ark., 2008). Futbolcularin motorik 6zelliklerinden gelistirilmesi gereken
temel, "dayaniklilik" olmasina ragmen, kuvvet, hiz, esneklik, teknik beceri ve aerobik-anaerobik gii¢
becerilerinin de yiiksek diizeyde olmasi énemlidir. Bu nedenle, giiniimiiz futbol bransinda, fonksiyonel
olarak kisa siireli antrenman dilimleri icinde bir¢ok motor becerinin birlikte gelistirilmesi
hedeflenmektedir (Aslan, 2012). Takim sporlarinda, maglar ve antrenmanlar sirasinda sporcularin i¢ ve
dis yiiklerini hesaplamak, performanslarini degerlendirmek ve aktivite profillerini belirlemek i¢in en
yaygin olarak zaman-hareket analizi ve sporcu takip yontemleri kullanilmaktadir (Coutts ve Duffield,
2010; Rampinini ve ark., 2009). Futbol oynayan bireylerin hareket analizlerini yapmak i¢in kullanilan
en giincel yontem, GPS tabanli sporcu takip cihazlaridir. Bu cihazlar, video tabanli zaman-hareket
analizi ve yar1 otomatik ¢ok kamerali sistemler olarak kullanilmaktadir (Dwyer ve Gabbett, 2012;
Hewitt, 2016). GPS teknolojisinin ilk olarak 2003 yilinda gelistirilmesi ve kullanilmaya baglanmasi,
ozellikle futbol olmak iizere bir¢cok takim sporunda sporcularin takibini yapmak amaciyla 6nemli 6l¢iide
kabul gormiis ve yaygin bir sekilde kullanilmistir (Edgecomb ve Norton, 2006; Gabbett, 2010).

Bu aragtirmada hareket hizinin gelisimi iizerine yapilan ¢aligma, kuvvet antrenmanlarinda
genellikle geri plana atilan ancak oldukga O6nemli bir parametre olarak kabul géren hareket hizi
konusunda mevcut literatiire katki saglamak amaglanmistir. Elde edilecek verilerin, spor bilimleri
literatiiriindeki bosluklart doldurmanin yani sira antrendrler, kondisyonerler ve atletik performans
antrendrlerine katki ve bilgi saglayacagi diisiiniilmektedir. Bu baglamda bu ¢alismanin amaci, sezon
icinde futbolculara uygulanan 30 metre hiz ve kompleks antrenmanlarin, Polar Team Pro kullanilarak
yiiksek siddetli kosu ve sprint performansina etkisinin olup olmadiginin incelenmesidir.

YONTEM

Arastirmanin modeli

Bu arastirmada nicel aragtirma modellerinden deneysel aragtirma modeli kullanilmistir (Biiyiikoztiirk ve
ark. 2013). Futbolculara, deneysel arastirma modeli kapsaminda 30 metre hiz ve kompleks antrenmant
uygulanmistir. Bdylece 6n test ve son test asamalarinda kontrol ve deney gruplarinin elde ettikleri
dereceler istatistiksel olarak incelenmistir.
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Arastirmanin evreni ve orneklemi

Arastirmanin evrenini, Balikesir ilindeki profesyonel futbol kuliipleri olustururken, 6rneklemini ise
Balikesir spor futbol kuliibiinde 2019-2020 sezonunda aktif futbol oynayan 20 profesyonel A takim
oyuncusu olusturmaktadir.

Arastirmanin veri toplama araglart

Bilgi Formu: ¢alismaya katilan futbolcularin yas, boy ve kilolarinin tespit edilmesi amaciyla bilgi formu
kullanilmagtir.

Polar Team Pro: Veri toplama siirecinde Polar Team Pro cihazi gibi GPS tabanli bir sporcu takip sistemi
kullanilmistir. Polar Team Pro Uygulamasi, 6nemli performans verilerini ve parametrelerini canli olarak
goriintiileyerek, antrenorlerin oyun sirasinda ¢aligma yiikii veya taktik ayarlamalar1 konusunda anlik
kararlar almasim1 saglar. Uzun vadeli bir veri tabani olusturmak, kalp atis hiz1 bolgelerini ve hiz
bolgelerini 6zellestirerek antrenman igeriklerini bireysellestirmek i¢in 6nemli bir temel olusturur ve bu
da teknik-taktik hazirlikta fiziksel yiikiin uygun sekilde uygulanmasini kolaylastirir (Bota ve ark., 2019).

Arastirmada verilerin toplamast ve antrenman protokolii

Calismaya katilan futbolcular i¢in 30 metre hiz ve kompleks antrenman modeli planlanmistir. Basit
rastgele ornekleme yontemi kullanilarak futbolcular deney ve kontrol grubu olmak iizere ikiye
ayrilmistir. Deney grubunda bulunan futbolculara 10 haftalik antrenman periyotu siiresince standart
futbol antrenmanlarinin yani sira haftada 1 giin kompleks antrenman (5 hareket-8 tekrar-2 set) ve 30
metre hiz antrenmani (3 tekrar -2 set) yapilmistir. Kontrol grubundaki futbolcular ise standart futbol
antrenmanlarina devam etmislerdir. Deney ve kontrol gruplarimin 1. haftada 1.6l¢tim (6n test) verileri
alindiktan sonra, secili olan performans parametrelerindeki muhtemel degisikliklerin seyrinin
belirlenmesi igin 5. haftada 2. 6l¢tim (ara test) verileri alinmig ve 10. haftada 3. 6l¢iim (son test) verileri
almmustir. Calismamiza katilan futbolcularin antrenmanlarda farkli hiz araliginda kat ettikleri yiiksek
siddetli ve sprint kosu aktivite profillerini belirlemek i¢in her antrenman Oncesinde futbolcularin
antrenman giysilerinin igine gogiis bandi olarak takilan ve antrenman boyunca kosu mesafelerini ve
tekrarlarini kaydeden Polar Team Pro cihaziyla yapilacak 6l¢iim sistemi kullanilmistir. Her antrenman
sonunda elde edilen veriler bilgisayara aktarilarak kayit altina alinmistir. Antrenman protokolil
sporcularin futbol antrenman saatlerine uygun olarak antrenman sonrasi uygulanmigtir. Antrenman
saatleri degiskenlik gosterdigi i¢in uygulanan antrenman protokoliiniin saatleri de degiskenlik
gostermektedir. Olgiimler ise 17:00-19:00 saatleri arasinda yapilan antrenmanlar icerisinde alinmustir.
Hill ve ark. (2018) aksam saatlerinde yapilan antrenman yiiksek viicut sicakligi ve artan kas giicii
nedeniyle fiziksel performansi artirabilecegini belirtmektedir.

Kompleks antrenman, bir kuvvet antrenmani programinda maksimal kuvvet ¢aligmalari ile
pliometrik calismalarin arka arkaya uygulandigi antrenman metodu olarak tanimlanabilir (MacDonald
ve ark., 2012). Kompleks antrenmanina baglamadan 6nce futbolculara 10 dk amaca yonelik 1sinma
yaptirilacak ve her egzersiz istasyonu bir kez antrendr tarafindan ornek gdsterilmistir. Antrenmanin
icerigi, kuvvet ve ¢cabuk kuvvet egzersizleri olarak belirlenmistir;

(Kuvvet)Bench Press (50kg) + (Cabuk Kuvvet) Lying Medicine Ball Up (5kg)
(Kuvvet)Smith Machine Squat (50kg) + (Cabuk Kuvvet) Jump Squat

(Kuvvet)Lat Pulldown (38kg) + (Cabuk Kuvvet) Throw The Medicine Ball (5kg)
(Kuvvet)Shoulder Press (15kg) + (Cabuk Kuvvet) Throw a Ball Up The Shoulder (4kg)
(Kuvvet)Front Lunge (2kg) + (Cabuk Kuvvet) Commande Dance (15sn)

Once kuvvet egzersizi 8 tekrar 2 set yaptirilarak, oyunculara setler arasi 1 dk dinlenme siiresi
verilmistir. Daha sonra 30 saniye i¢inde yine 8 tekrar ¢abuk kuvvet egzersizinin tamamlanmasi
istenmistir. Antrenman protokoliindeki antrenman yiikii her 4 haftada bir Polar Team pro cihazindan
alman veriler dogrultusunda Banister (1991) tarafindan belirlenen TRIMP (Training Impulse)
protokoliine gdre hesaplanarak arttirilmigtir. Antrenman protokolii olusturulurken futbol kuliibii
tarafindan verilen izin dogrultusunda antrenmanlar haftada 1 giin olarak belirlenmistir.
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Arastirmada kullanilacak sprint ve yiiksek siddetli kosu profillerinin hiz smiflamalarini
belirlemek igin kullanilan bir¢ok kaynak bulunmaktadir. Fakat Bradley ve arkadaslarinin (2009)
belirlemis oldugu; yiiksek tempolu kosu (19,8- 25,1 km/h) ve sprint kosu (>25,1 km/h) parametreleri bu
arastirmada referans olarak almmistir. “19,8- 25,1 km/h” araligindaki siiratler yiiksek tempolu kosu
aktivite profili, “>25,1 km/h” den daha yliksek siiratler ise sprint aktivite profili icerisinde yer
almaktadir.

Arastirmanin veri analizi

Polar Team Pro cihazindan antrenman sonunda bilgisayara aktarilan veriler SPSS 25.0 paket programina
aktartlmigtir. Daha sonra normallik simamasi yapilan verilerin normal dagilim gosterdigi tespit
edilmistir. On, ara ve son testlerin arasindaki farklilig1 tespit etmek igin “Repeated Measures ANOVA”
(Tekrarlayan Olciimlerde Varyans Analizi) testi kullanilmistir. Gruplar arasindaki farkin
belirlenmesinde ise “Bonferroni” diizeltmeli post- hoc testinden yararlanilmistir. Anlamlilik diizeyi 0,05
olarak kabul edilmigtir. Antrenmanin ¢alisma grubu G-Power gii¢ analizi kullanilarak belirlenmistir.
Etki biiytkligii (f=0,30) olusacagi beklentisinin istatistiksel olarak anlamli bulunmasi i¢in gerekli
toplam say1 20 (her grup i¢in 10 kisi) olarak belirlenmistir (a=0,05; 1-$=0,80).

BULGULAR

Bu bdliimde profesyonel futbolculara ait demografik bilgiler ve uygulanan antrenman programinin
sonuclarinin yer aldig1 tablolar yer almaktadir.

Tablo 1. Katilimcilarin tanimlayicr istatistikleri

Gruplar Degiskenler Minimum Maksimum Ortalama
Yas 23 32 27.00
Deney (n:10) Boy (cm) 170 191 177.40
Kilo (kg) 68 81 72.30
Yas 22 30 26,90
Kontrol (n:10) Boy (cm) 165 188 175,70
Kilo (kg) 65 73 69,50

Tablo 1 de aragtirmaya katilan futbolcularin boy, kilo ve yas ile ilgili tanimlayici istatistiklerine yer
verilmistir. Deney grubunun yas ortalamasi 27, boy ortalamasi 177,40 cm, kilo ortalamasi ise 72,30 kg
olarak goriilmektedir. Kontrol grubunun ise yas ortalamasi 26,90, boy ortalamasit 175,70 cm, kilo
ortalamasi ise 69,50 kg olarak ol¢iilmiistiir.

Tablo 2. Yiiksek tempolu kosu 6l¢iimlerinin gruplararasi karsilagtirilmasi
Mean Square df F p n2
Deney-Kontrol 4173,32 2 12,413 0,01* 0,408
p<0,05; repeated measures ANOVA Test

Tablo 2’de Yiiksek tempolu kosu dl¢limleri ile deney kontrol grubu arasinda yapilan tekrarli 6l¢iimlerde
ANOVA testine gore anlamli fark tespit edilmistir (p<0,05). Yiiksek tempolu kosu 6lgiimlerinde deney
ve kontrol grubu arasinda fark tespit edilmistir.

Tablo 3. Yiiksek tempolu kosu o&lglimlerinin tekrarlayan olglimlerde anova testi ile Olg¢iimler arasinda
kargilagtirilmasi

Olciimler X +SS F p Bonferroni
1.0l¢iim? 26,60+17,79

Deney 2.(")lc;iimb 44,60+22,01 69,102 0,01* a<b<c
3.0l¢iim® 95,50+20,29
1.0l¢iim? 68,80+35,46

Kontrol 2.0lI¢iimP 55,30+34,15 1,786 0,21
3.0l¢iim® 80,00+32,12

*p<0.05 a, b, c =Post-Hoc testi karsilagtirmasi

Tablo 3°de Yiiksek tempolu kosu dl¢limlerinin deney ve kontrol grubuna gore karsilastiriimasinda;
deney grubu ile 6lgiimler arasinda anlamli fark tespit edilirken (p<0,05), kontrol grubu ile 1., 2. ve 3.
Olclim arasinda herhangi bir anlamli fark tespit edilememistir (p>0,05). Yiiksek tempolu kosu dl¢limleri
ile deney grubu arasindaki farkin hangi gruplardan kaynaklandigini tespit etmek amaciyla Bonferroni
diizeltmeli Post-Hoc testi yapilmistir. Bu sonuglara gore 3. 6l¢iimiin 2. dl¢limden, 2. 6lgiimiin ise 1.
Ol¢timden daha biiyiik oldugu tespit edilmistir.
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Sekil 1. Yiiksek Tempolu Kosu-Deney-Kontrol Grubu Performans Olgiim Grafigi

Tablo 4. Sprint kosu dl¢iimlerinin gruplararasi karsilagtirilmasi
Mean Square df F p n2
DENEY-KONTROL 1132,51 2 1,486 0,24 0,076
p<0,05; repeated measures ANOVA Test

Tablo 4. incelendiginde futbolcularin sprint dl¢iimlerine gore deney ve kontrol grubu arasinda anlamh
fark tespit edilmemistir (p>0,05).

Tablo 5. Sprint kosu dl¢iimlerinin tekrarlayan 6l¢iimlerde anova testi ile 6l¢iimler arasinda karsilastirilmasi

Olgiimler X £5S F p Bonferroni
1.0l¢iim? 4,50+3,27

Deney 2.0lI¢iimP 46,10+22,04 45,484 0,01* a<hb<c
3.0l¢iim® 105,40+31,49
1.0l¢iim? 13,00+£17,41

Kontrol 2.0lI¢iimP 53,504+32,45 14,431 0,01* a<hb<c
3.0l¢iim® 87,30+30,07

*p<0.05 a, b, c =Post-Hoc testi karsilagtirmasi

Tablo 5°de sprint kosu 6l¢iimlerinin deney ve kontrol grubuna gore karsilastirilmasinda; deney ve
kontrol grubu ile dl¢limler arasinda anlamli fark tespit edilmistir (p<0,05). Sprint kosu ol¢iimleri ile
deney ve kontrol grubu arasindaki farkin hangi gruplardan kaynaklandigimi tespit etmek amaciyla
Bonferroni diizeltmeli Post-Hoc testi yapilmistir. Bu sonuglara her iki grupta da 3. Ol¢iimiin 2.
Ol¢limden, 2. 6l¢iimiin ise 1. 6l¢iimden daha biiyiik oldugu tespit edilmistir.
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Sekil 2. Sprint- Deney-Kontrol Grubu Performans Olgiim Grafigi

TARTISMA

Yiiksek tempolu kosu dl¢limlerini deney ve kontrol grubuna gore inceledigimizde bu iki grup arasinda
anlamli fark oldugu saptanmigtir. Kullanilan antrenman metotlarina gore yiiksek tempolu kosu
parametresinde bu anlamli farklilik deney ve kontrol grubunda farkli sonuglara ulasildigini
gostermektedir. Uyguladigimiz kompleks ve hiz antrenman yontemlerinin deney grubundaki sonuglara
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gore, kontrol grubunda daha farkli sonuglara neden oldugu gorilmiustiir. Diistiniildiigi gibi kompleks
ve hiz antrenmanlari sporcularin yiiksek tempolu kosu profilleri tizerinde etkisinin oldugu
goriilmektedir. Buna istinaden yiiksek tempolu kosu profillerinin gelistirilebilir oldugunu sdyleyebiliriz.
Yiiksek tempolu kosu profili ile ilgili literatiirde yapilan incelemelerde benzer c¢aligmalara
rastlanmamugtir.

Elde edilen farkin hangi gruplarda ne kadar oldugu incelenmistir. Buna gére deney grubunda 1.,
2. ve 3. ol¢iim arasinda anlamli bir fark tespit edilirken, kontrol grubunda Sl¢iimler arasinda anlamli bir
fark tespit edilmemistir. Deney grubunu inceledigimizde sporculardan alinan verilere gore; 3. 6l¢iimiin
2. 6l¢iimden, 2. 6l¢iimiin ise 1. 6l¢iimden daha yiiksek oldugu tespit edilmis ve giderek artan bir durum
s0z konusudur. Kontrol grubunu incelendigimizde ise sporcularm yiiksek tempolu kosu profilleri énce
diismiis sonra tekrar yiikselmistir, fakat bu sonuglar kontrol grubunda 6l¢iimler arasinda herhangi bir
fark teskil etmemektedir. Kontrol grubu ile deney grubu arasinda yapilan olgiimlerde, 1. olgiim
ortalamalar1 arasindaki farkin kontrol grubundaki sporcularin deney grubuna se¢ilmemesinden kaynakli
igsel motivasyonunun daha yiiksek olmasindan kaynaklandigi diigiiniilmektedir. Yapilan hiz ve
kompleks antrenmanlar antrenmanin uygulandigi deney grubunu, antrenman uygulanmayan ve standart
futbol antrenmanlarina devam eden kontrol grubuna gore farklilastirmistir. Kisacasi standart futbol
antrenmaninin yaninda ekstra olarak uygulanan hiz ve kompleks antrenman metotlar1 futbolcularin
yiiksek tempolu kosu profillerini gelistirerek daha iyi performans elde etmelerini saglamaktadir.

Sekil 1 incelendiginde tablo 2’de farklar1 s6z edilen deney ve kontrol gurubunun grafigine yer
verilmistir. Deney grubu (mavi ¢izgi) uygulanan hiz ve kompleks antrenmanlari sayesinde 1., 2. ve 3.
Olclimde arasinda yiikselen bir grafik sergilerken, standart futbol antrenmaninin diginda ekstra olarak
herhangi bir antrenman metodu uygulanmayan kontrol grubu (kirmiz1 ¢izgi) 1. 6l¢iim ile 2. 6l¢tim
arasinda diislis, 2. Ol¢iim ile 3. Ol¢lim arasinda bir miktar yiikselme goriilmiistiir. Fakat kontrol
grubundaki bu sonuglar istatistiksel olarak anlamli bir fark olusturmamaistir

Sprint kosu profili 6l¢limlerinin deney ve kontrol grubuna gore karsilastirilmasi sonucuna gore
deney ve kontrol grubunda herhangi bir anlamli fark tespit edilmemistir. Standart futbol antrenmanlarina
ilave olarak yaptirilan hiz ve kompleks antrenmanlar deney grubunda sprint performansi iizerinde
herhangi bir fark olusturmadigi goriilmiistiir. Diisiiniilenin aksine hiz ve kompleks antrenmanlar sprint
performanst iizerinde bir etki olusturmamistir. Literatiir incelendiginde bircok c¢alismaya
rastlanmaktadir (Gollii, 2006; Karabiyik, 2018; Mouelhi ve ark., 2007; Ozdemir, 2009; Ozitin,1999).
Fakat bu arastirmalar bizim bulgularimizla ortiismemektedir. Calisma yapilan gruplarim
inceledigimizde yas faktoriiniin 6ne ¢iktig1 goriilmektedir. Yukaridaki yapilan calismalarda alt yas
gruplan tercih edilmistir. Buna istinaden yas diizeyleri alt yas kategorisinde olan sporcularin sprint
performanslart yapilan g¢esitli antrenmanlarla gelistirilebilir oldugu, sporcularin gelisime agik oldugu
gorlilmistiir. Fakat yapilan bu calismadaki gibi belirli bir yasa gelmis sporcularin sprint kosu
profillerinin ekstra olarak yapilan calismalar ile tekrar sayisi arttirilabilse de gelistirilemedigi
goriilmiistir. Ozdemir ve ark., (2014) tarafindan yapilan calismada yasa bagli olarak sprint
performanslar incelenmis yas ilerledik¢e sprint performanslarinin daha az gelistigi ve anlamli fark
gostermedigi sonucuna ulasmiglardir ve bu sonug arastirmamizi desteklemektedir.

Sprint kosu profilinde deney ve kontrol gruplart arasinda fark olmamasina ragmen gruplarin
kendi igerisindeki Ol¢timleri arasindaki anlamli fark tespit edilmis ve incelenmistir. Standart futbol
antrenmaninin diginda ekstra hiz ve kompleks antrenman uygulan deney grubunda 3. dl¢iimiin 2.
Olclimden, 2. dl¢iimiin ise 1. 6l¢iimden daha yliksek oldugu tespit edilmistir. Sadece standart futbol
antrenmani yapilan grupta ise ayni sekilde 3. 6l¢limiin 2. 6lglimden, 2. 6l¢limiin ise 1. 6l¢iimden daha
yiiksek oldugu sonucuna ulagilmistir. Bu sonuglara gore ekstra olarak hiz ve kompleks antrenman
yapmasalar da sporcularda sprint performansi git gide yiikselen bir form olusturmustur.

Sekil 2°de gosterilen grafik incelendiginde deney grubunu gdsteren mavi ¢izgi ve kontrol
grubunu gosteren kirmizi ¢izgi 10 haftalik siire¢ igerisinde sporcularin sprint performanslari temsil
etmektedir. Tablo 4’ de deney ve kontrol gruplarinin kendi igerisinde dl¢limler arasinda tespit edilen
fark Sekil 2’de grafik haline getirilmistir. Grafik incelendiginde deney ve kontrol grubunun ¢izgileri 2.
Ol¢lime kadar paralel bir sekilde seyretmistir. 2. Ol¢im ile 3. 6l¢lim arasinda ise standart futbol
antrenmanlarinin disinda ekstra olarak hiz ve kompleks antrenman uygulan deney grubu, kontrol
grubunu gegerek daha yliksek ortalama elde etmistir. Fakat bu yiikselis deney grubu ile kontrol grubu
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arasinda istatistiksel olarak anlamli fark olmasimi saglamamustir. Kisacasi her iki grupta da kendi
icerisindeki Ol¢limler arasinda anlamli fark olsa da bu fark gruplar arasinda anlamli degildir.

SONUC

Yapmis oldugumuz arastirmanin sonuglari incelendiginde; Profesyonel diizeyde A takim futbolcularinin
deney ve kontrol grubuna gore standart futbol antrenmani disinda haftada 1 giin kompleks ve hiz
antrenmani uygulamasi yiiksek tempolu kosu aktivite profilinde (19,8-25,1 km/h) deney grubu lehine
anlamli sonug ortaya ¢ikmistir. Haftada 1 giin hiz ve kompleks antrenman uygulamak deney grubundaki
futbolcularin yiiksek tempolu kosu performanslarini kontrol grubundaki futbolculara gére olumlu yonde
arttirmistir. Deney grubundaki futbolcularin performanslari kontrol grubundakilere gore incelendiginde
3. olglim 2. 6l¢giimden, 2. 6l¢iim 1. 6lglimden daha fazladir. Kontrol grubunda ise dlgiimler arasinda
farklilik tespit edilmemistir.

Elde edilen sonuglar ayni caligmadaki sprint kosu profili (>25,1 km/h) {izerinde etkisi
incelendiginde ise standart futbol antrenmanlarinin diginda ekstra olarak yapilan haftada 1 giinliik hiz
ve kompleks antrenmanlar1 deney ve kontrol gurubunda anlamli farklilik géstermemistir. Her iki grubun
sonuclar1 incelenmis sezon basindan baslayarak yapilan bu ¢alismada sezon igerisindeki antrenmanlar
ile her iki grubunda performansinin yiikselmesini saglamislardir. Ancak deney grubuna uygulanan
ekstra antrenman metotlari kontrol grubuyla arasinda istatistiksel olarak anlamli fark yaratmamigtir. Her
iki grubun sonuglar1 1., 2. ve 3. dlgiime gore incelenmis ve her iki grupta da performansta iyilesme
meydana gelmistir. Her iki grupta da 3. ol¢iim 2. 6l¢iimden, 2. dl¢lim 1. dlglimden daha yiiksek
seviyededir.

Sonug olarak bu bulgular, profesyonel diizeydeki A takim futbolcularinda haftada bir giin hiz
ve kompleks antrenman uygulamasinin yiiksek tempolu kosu aktivite profilinde anlamli bir artig
sagladigini gostermektedir. Ancak, sprint kosu profili tizerindeki etkisi incelendiginde ise standart futbol
antrenmanlarinin disinda ek olarak yapilan hiz ve kompleks antrenmanlarin deney ve kontrol gruplari
arasinda anlaml farklilik gdstermedigi belirlenmistir. Her iki grup da sezon igindeki antrenmanlarla
performanslarimi artirmistir. Sonug olarak, deney grubuna uygulanan ek antrenman metotlarinin kontrol
grubuyla karsilastirildiginda sprint performansinda istatistiksel olarak anlamli bir fark yaratmadigi
gorlilmustiir. Her iki grup da performanslarinda gozle goriiliir bir iyilesme gostermis ve zaman iginde
performanslar1 artmistir. Her iki grupta da yapilan 6lgiimler, performansta belirgin bir iyilesme
oldugunu gostermektedir; her iki grupta da 3. 6l¢lim, 2. 6l¢iimden daha yiiksek seviyededir. Bu sonuglar,
futbolcularda sprint performansini artirmak igin ek antrenman yontemlerinin etkili olmadigini, ancak
diizenli antrenmanin zaman iginde performans artisin1 sagladigin1 gostermektedir. Ayrica yiiksek
tempolu kosu performansini arttirmada yapilan ek antrenmanlarin etkili oldugu goriilmektedir.

ONERILER

e Futbol takimlar1 haftada 1 giin kompleks ve hiz antrenmani uygulayarak miisabaka igerisindeki
yiiksek tempolu kosu tekrarlarini arttirabilir.

e Haftalik antrenman sayis1 arttirilarak ayni ¢aligma tekrar yapilabilir.

e Antrenman metodu farkli 6rneklem gruplari tizerinde uygulanabilir.

e  Farkli branslar iizerinde ayni ¢aligma yapilarak sonuglar1 incelenebilir.
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Amagc: Bu ¢aligmanin amaci da giires sporunda antrenman yiikiinii belirlemek i¢in kullanilan Antrenman Uyarani,
yontemlerin kargilastirilmasidir. Savunma Sporlari,
Yontem: Calismada 8 erkek elit giiresci (Yas 21,6+0,91 yil; Giires Yili, 9,3+1,6 yil; boy, Seans Algilanan Zorluk
172+6,71 cm; Beden Agirlik, 75,3+12,3 kg) 3 ayr1 antrenman seansina katilmistir. Seanslarin ilk Deirecg.skl,
ikisi ayni yiikte iken t¢iincii seans ylki tekrar sayilart ve antrenman siiresi ile arttirilmigtir. Dlsgzililk:

Antrenman yiikii, Banister Antrenman Uyaran1 (AU), Edwards Antrenman Yiikii (AY) ve Seans
Algilanan Eforun Derecesi (SAED) ile hesaplanmistir. Kalp atim hizi1 (KAH) seanslar boyunca
Polar (Verity Sense) nabiz bandi ile kaydedilirken sAED ise seanstan 30 dakika sonra alinmigtir.
Farkli yontemlerin seans yiikii hesaplamalar1 arasindaki iliski Spearman korelasyon analizi ile
kontrol edilmistir. Ug ayr1 seansin yiikleri ise tekrarli 6lgiimlerde Anova ile karsilastirilmis ve
Wilcoxon testi ile farklarin hangi degerler arasinda oldugu kontrol edilmistir.

Bulgular: Her bir seansin kendi i¢inde, yontemler arasinda iliski bulunmustur (p<0,05, p=0,786-
1,000). ik iki seans ayni yiiklerle yapilmasmna ragmen istatistiksel olarak yapilan
karsilastirmalarda Banister AU ve sAED yontemleri anlaml fark belirtmezken (p=0,055-0,844, Yavin Bilgisi
EB= 1,41-0,12 swrasiyla), Edwards AY yontemi seanslar arasindaki yiiklerin farkli oldugu Génderi Tarihi: 02.04.2024
(p=0,039, EB=1,75) sonucuna ulagilmistir. Kabul Tarihi: 15.06.2024
Sonu¢: Her bir seanstaki {i¢ yontemin birbiri ile iligkili olmasi tiim yontemlerin giireste Online Yaym Tarihi: 15.06.2024
antrenmanlarinda giivenle kullanilabilecegini gosterirken, Edwards AY yonteminin seanslar
arasindaki farki belirleyememesi bu yontemin giivenilir olmadig: diisiindiirtmiigtiir.
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Aim: The aim of this study was to compare the methods used to determine training load in Training Stimulus,
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Methods: In the study, 8 male elite wrestlers (Age,21.6£0.91 years; Wrestling Years, 9.3+1.6 Session Rate of Pé)iZ?tli\:)er?

years; Height, 172+6.71 cm; Body Weight, 75.3+12.3kg) participated in 3 separate training Internal Load
sessions. The first two sessions had the same training load, while the third training session load External Load.
was increased by the number of repetitions and training duration. Training load was calculated Training Monitoring’.
by Banister Training Impulse (AU), Edwards Training Load (AY) and Session Perceived

Exertion Rating (SAED). Heart rate (HR) was recorded with a Polar (Verity Sense) pulse band

throughout the sessions, while SAED was taken 30 minutes after the session. The relationship

between the sessions load calculations of different methods was checked by Spearman correlation

analysis. The loads of the three different sessions were compared by repeated measures ANOVA

and Wilcoxon test was used to check between which values the differences were.

Results: Within each session, a correlation was found between the methods (p<0.05, p=0.786-

1.000). Although the first two sessions were performed with the same loads, Banister AU and

SAED methods did not show a significant difference in statistical comparisons (p=0.055-0.844, Article Info
EB=1.41-0.12, respectively), while Edwards AY method showed that the loads between sessions Received: 02.04.2024
were different (p=0.039,EB=1.75). Accepted: 15.06.2024

Conclusion: The correlation of the three methods in each session showed that all methods can be ~ ©Online Published: 15.06.2024
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difference between the sessions suggested that this method was not reliable. DO1:10.18826/useeabd 1463237
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GIRIS

Giires gegmisten giiniimiize bilinen en eski branslardan birisi olarak taninmaktadir (Curby ve Jomand,
2015). Giires biinyesinde performans bilesenleri olarak kas kuvveti, hiz-reaksiyon, ¢eviklik, sinir kas
koordinasyonu ve yiiksek anaerobik ve aerobik kapasiteyi bulunduran fonksiyonel bir yapiya sahiptir
(Bayraktar 1., ve ark., 2012). Buna gore, antrenmanlarin igerigi ve yapisi ile sporculara uygulanan
antrenman yiiki iliskilidir. Elit spor uygulamalarinda ve aragtirmalarinda, i¢ ve dis antrenman yiiklerinin
(AY) analizi kritik bir konu haline gelmistir. Bu baglamda, sporcularin antrenman yiiklerinin izlenmesi,
sporcularin antrenman programlarina olumlu bir sekilde uyum saglayip saglamadiklarinin anlasilmasi
acisindan 6nemlidir. Sporcularin antrenman yiikiiniin izlenmesi, stres ve dinlenme arasindaki optimum
dengeyi ayarlamak, bireysel akut tepkiler ile antrenman programlarina uyarlamalar1 y6netmek, asirt
antrenman ve sakatlanma riskini en aza indirmek i¢in de gereklidir (Bourdon ve ark., 2017).

Antrenman ylikiinii 6lgmek icin kullanilan ydntemlerden biri; fizyolojik aracilardan ve
psikolojik aracilardan etkilenen seans algilanan eforun derecelendirilmesi (SAED) (Foster ve ark., 2001)
ve digeri de sadece fizyolojik aracilardan etkilenen nesnel egzersiz yogunlugu olan kalp atim hizidir
(KAH) (Buchheit, 2014). Seans algilanan eforun derecelendirilmesi, yiikii nesnel egzersiz yiikiinden
daha yiiksek oldugunda, sporcularin en iyi performanslarin1 géstermiyorlar demek olabilir. Buna karsin,
SAED nesnel egzersiz yiikiinden diisiik oldugunda performans agisindan avantajli olma olasiliklar
vardir. Bu nedenle, giiresciler ve antrendrleri igin giires antrenmanlar1 ya da maglari sirasinda algilanan
eforun derecelendirmesi ile objektif egzersiz yiikii arasindaki iliskiyi anlamak énemlidir (Bourdon ve
ark., 2017).

Bir seanstaki algilanan eforun derecelendirilmesi hesaplanirken, 6lgek kullanilir ve bu 6lgekler
Borg-AED (6-20 puanlama) ve Borg CR-10 (0-10 puanlama) dl¢egi olarak adlandirilir ve 10’Iu 6lgek
20’1i dlgek yerine sikca tercih edilebilir (Arney ve ark., 2019). Kalp atim hizi en sik 6l¢iilen i¢ antrenman
yiikii yontemlerinden oldugundan, sAED yonteminin gegerliligi cogunlukla Edwards Antrenman Yiikii
(AY) ve Banister Antrenman Uyaran1 (AU) gibi kalp atim hizindan tiiretilmis AY Ool¢iimleriyle
korelasyon katsayilar1 degerlendirilerek test edilmistir (Haddad ve ark., 2017). sSAED sadece ek bir cihaz
gerektirmemesi sebebiyle pratik oldugudan degil ayn1 zamanda ilerleyen yorgunluk hakkinda da bilgi
vermesi sebebiyle de KAH yerine kullanilmasi daha avantajli bir yontem gibi goriinmektedir (Fusco ve
ark., 2020).

Son zamanlarda yapilan birkag¢ ¢alisma, SAED'nin antrenman seanslari ve miisabaka maglari
sirasinda antrenman yiikii degerlendirmesinin gegerli bir 6l¢iisii oldugunu dogrulamistir (Slimani ve
ark., 2017). Yani, antrenman seansi i¢in sAED ile Edwards AY (r = 0.81) ve Banister AU (r = 0.79)
arasinda anlaml yiiksek seviyede iliskiler bulunmustur (Milanez ve Pedro, 2012). Benzer sekilde,
gilinliik bir ila iki antrenman seansi (koordinatif beceriler rotasyon becerileri, saldiri ve savunma
tekniklerinden olusan) ile bir haftalik karate antrenman kampi sirasinda gergeklestirilen birkag farkli
antrenman oturumunu analiz eden iki ¢alismada sAED ile Edwards AY (r = 0,79 ve r=0,80) ve Banister
AU (r=0,63 ve r =0,81) arasinda anlaml1 yiiksek iliskiler bulundu (Padulo ve ark., 2014; M. Tabben ve
ark., 2015). Ayrica rekabetci maglarda SAED ve Edwards AY ve Banister AU arasinda sirasiyla 0.77 ve
0.84 gibi 6nemli korelasyonlar bulunmustur (Tabben ve ark., 2013). Bildirilen tiim c¢alismalar,
antrenman yiikiinii degerlendirmek i¢in SAED yo6nteminin gegerliligini dogrulasa da hepsi benzer 6zel
antrenman seanslari lizerinde yiiriitilmistiir. Bu 6nemli korelasyonlarin farkli giires antrenmanlari igin
gecerli olup olmadigi ve SAED'in bu disiplindeki antrenman yiikiinii degerlendirmek i¢in kullanilip
kullanilamayacagi hala bilinmemektedir.

Bu ¢alismanin amaci, giires antrenmanlarinda farkli antrenman yiikii belirleme yontemlerinin
karsilastirilmasidir. Calismanin diger amaci da farkli antrenman yiiklerinde de bu iki ydntemin
korelasyon gdsterip gostermeyecegi ve giirese Ozgii antrenmanlar i¢in SAED'in antrenman yiikiinii
degerlendirmek i¢in kullanilip kullanilamayacagi incelemektir. Aragtirmanin sonucunda, sAED
yonteminin diger iki yontem ile iligskili olacagi ve antrenman yiikiinii dogru hesaplayacagi
diistintilmektedir.
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YONTEM
Arastirmanin modeli

Ocak 2024 tarihinde sezon Oncesi hazirlik doneminde yapilan testler 4 ayn giinde gergeklestirilmistir.
Ilk seans mekik kosusu ile maksimum kalp atim hizlar1 belirlenmistir. ikinci, ii¢iincii ve dérdiincii
seanslarda giires antrenmanlar1 yapilmistir. Kalp atim hizi1 verileri tiim antrenman seanslar1 boyunca ve
SAED verileri seanstan 30 dakika sonra .

Her antrenman seansi sirasinda, antrenmanin yaklasik ilk 15 dakikasi 1sinma uygulandi ve
1sinma bitince polar uygulamasindan egzersiz seansinin siiresi baslatildi. Birinci antrenman seansinda
teknik ve taktik caligmalar yapilmistir. Hareketler; kol ¢ekme teknigi 2 dakika x 2 tur ve turlar arasi
dinlenme 1 dakika, koltuk altindan gegip yere indirme hareketi 2 dakika x 2 tur, ¢ift eslesme ile salto
calismasi (yere indirme miicadelesi) 2 dakika x 2 tur, turlar arasi dinlenme 1 dakika seklinde ilk kisim
yaklasik 20 dakika siirdiikten sonra ikinci kisma gegilmistir. Ikinci kisimda hareketler; havadan yere
diisiirme teknigi 2 dakika x 2 tur, tek kol hareketi 2 dakika x 2 tur, kafa kol hareketi 2 dakika x 2 tur
seklinde, turlar arasi dinlenme 1 dakika seklinde ikinci kisim da yaklasik 20 dakika siirdiikten sonra
polar uygulamasinda siire durduruldu ve seans 5 dakika soguma ile sonlandirildu.

Ikinci antrenman seanst birinci seans ile teknikler, hareket tekrarlari ve dinlenmeler ayni1 olacak
sekilde uygulandi. Ugiincii ve son antrenman seansinda ise teknikler aymi kalirken hareket tekrarlari 2
dakika x 3 tur olacak sekilde uygulandi ve hareketler arasi dinlenmeler 1 dakika olarak uygulandi. Bu
da antrenman total siiresinin yaklasik 15 dakika artmasi ve ayn1 zamanda yiikiiniin de artmas1 anlamina
geliyordu. Bunun amaci ayni yiiklerdeki ve farkli yiiklerdeki antrenmanlarin yiik belirleme yontemlerini
karsilastirirken istatistiksel farklarin ve iligkilerin olup olmayacagini incelemekti.

Tiim antrenman seanslari bir gilires salonunda giiniin ayn1 saatinde (saat 17:30) 18.45+ 1.370 C
ve 7744 % bagill nem ortam kosullarinda gergeklestirilmistir. Dehidrasyonu onlemek igin, tiim
antrenman seanslart boyunca sporculara izotonik i¢ecek izni verilmistir. Sporculara antrenman
seansindan dnce 2-3 saatlik bir siire boyunca a¢ kalmalari, uyarict madde almamalar1 ve istedikleri
zaman s1vi almalari talimatlar verilmistir.

Alinan verilerin {i¢ ayr1 yontem ile yiik hesaplamasi yapilmustir. Ik yéntem olan SAED, Borg'un
0-10 dlgegi ile bu degerin antrenman siiresi ile ¢arpilmasi ile elde edildi (Foster ve ark., 2001). Ikinci
yontem Banister AU yonteminde; seans boyunca kaydedilen KAH verileri, antrenman siiresi ve mekik
kosusu ile belirlenen KAH maksimum degeri kullanilarak literatiirde kanitlanan formiil ile hesaplama
yapildi (Banister, 1991). Ugiincii yontem Edwards AY ise antrenmanin 5 siddet bolgesindeki siirelerini
baz alan formiil kullanilarak antrenman yiikiinii hesaplamistir (Edwards, 1994). Kalp atim hizlarinin
6l¢iilmesinde kalp atim sensorii kullanilmigtir (Polar, Verity Sense, Finland).

Arastirmanin evreni ve orneklemi

Bu calismaya sekiz elit erkek giiresei (ortalama + SS; yas; 21,6 = 0,91 yil, giires gegmisi; 9,3 £ 1,6 yil,
boy; 172 £ 6,71 cm, beden agirhigi; 75,3 = 12,3 kg, ortalama maksimum kalp atim sayist; 192,5 £ 6,6
atim/dakika, dinlenik kalp atim sayisi; 54,3 + 2,5 atim/dakika) katilmistir. Bu sporcular 60, 67, 72, 87
ya da 97 kg agirlik kategorisindeki serbest stil giirescilerdi. Sporcular haftda 5-6 giin giires antrenmani
ve kuvvet antrenmani yapan elit sporculardi. Son alt1 ay icerisinde herhangi bir sakatlik yasamamis
olmalari se¢ilme durumlarinda etkili olmustur. Calismada Helsinki deklerasyonuna uyulmustur.

Arastirmanin veri toplama araclart

Antrenman seasnlar1 baglamadan oOnce tiim siire¢ hakkinda sporcular bilgilendirilmis ve
gerceklestirecekleri antrenmanlar ve testler hakkinda tiim sorulari cevaplanmistir. Giires antrenmani
seanslar1 sirasinda antrenman siddeti Polar Verity Sense Kalp Atim Hiz1 Monitorleri (Verity Sense,
Polar, Kempele, Finlandiya) kullanilarak kaydedilmistir. Polar flow uygulamasindan antrenman siiresi
1sinmanin ardindan baglatilmistir ve antrenman sonundaki soguma asamasi siireye dahil edilmemistir.
Her antrenman seansindan sonra Polar Flow uygulamasina kaydolan KAH degerleri bir diziistii
bilgisayara indirilmistir. Dinlenme KAH", sporcular uyandiktan sonra sabah 7:30'da 10 dakika boyunca
yatakta yatarken olgmeleri ve bildirmeleri istenmistir. Her sporcu i¢in 20 m mekik kosusu testinin
sonunda kaydedilen en yiiksek KAH degeri KAH maksimum olarak kabul edilmistir (mekik kosusu
KAHmaks ort = 192.5 &+ 6.6, Karvonen formiiliine gére KAHmaks = 198,3 + 0,85, Tanaka formiiliine
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gore KAHmaks=185,3 + 0,85 korelasyon analizleri= Mekik kosusu ile Karvonen formiilii (She ve arkl.,
2015) arasinda p=0,934 r<0,05; Mekik kosusu ile Tanaka formiilii (Tanaka ve Matsuura, 1984) arasinda
p=0,934 r<0,05). Her 3 formiilde birbiri ile yiiksek korelasyon gosterdiginden mekik kosusundaki
KAHmaks kullanilmisgtir. Her antrenmandan yarim saat sonra sporcularin sSAED goriismesi yapilmistir.

Seans Algilanan Eforun Degerlendirmesi

SsAED 6l¢iimii i¢in, seans yogunlugunu 6l¢mek iizere modifiye Borg CR-10 dl¢egi kullaniimigtir
(Foster ve ark., 2001). Her seanstan 30 dakika sonra, seansin AED’sini belirlemek i¢in sporcularla tek
tek goriisiildii. Sporcuya Borg CR-10 6lgegi gosterilmis ve her seans hakkinda su soru sorulmustur:
"Bugiin yaptigin antrenmanin zorlugu neydi?" Bu, orijinal ifadeden (" Antrenmaniniz nasildi1?") farklidir
ve katilimciyr seans siiresini dikkate alan bir derecelendirme yerine yalnizca bir yogunluk
derecelendirmesi yapmaya yonlendirmeyi amaglamaktadir (Coutts, 2014). Katilimcilar 6nce tanimlayici
bir kelimeye odaklanmaya ve ardindan buna karsilik gelen sayisal bir deger segcmeye yonlendirilmistir.
AED, oturum siiresi (dakika) ile ¢arpilarak SAED hesaplanmustir.

Edwards'in Antrenman Yiikii Yontemi.

Edwards AY'si, 5 KAH boélgesinde gegirilen antrenman siiresinin (dakika) her bolgeye gore bir
katsay1 (bolge numarasi) ile carpimini hesaplayarak (KAHmax %50-60 x 1, KAHmMax %60-70 x 2,
KAHmax %70-80 x 3, KAHmMax %80-90 x 4, KAHmax %90-100 x 5) ve ardindan tiim sonuglari
toplayarak (arbitrary units) yiikii belirlemistir (Edwards, 1994; Shaw ve ark., 2020):

Banisterin Antrenman Uyarant Yéntemi.

Banister AU’1 (Banister, 1991) yontemi, asagidaki formiilii kullanarak antrenman yiikiinii
hesaplamaktadir; (1)

TD = KAHR x 0.64 x €1.92* KAHR (2)

Burada TD dakika cinsinden ifade edilen etkili antrenman seansi siiresidir ve KAHr (KAH
rezervi) agsagidaki denklemle belirlenir:

KAHR= [KAHort -KAHd]/[KAHmMax 2 KAHA] )

Burada KAHort antrenman seansindaki ortalama kalp atim hizi, KAHmax bireyin maksimum
kalp atim hiz1 ve KAHd bireyin dinlenik 6lgiilen kalp atim hizi, KAHr bireyin kalp atim hiz1 rezervi’ni
ifade etmektedir.

Arastirmanin veri analizi

Sonuglar ortalama + SD seklinde sunulmustur. Verilerin normalligi Shapiro-Wilk testi kullanilarak
dogrulanmistir. Her bir seans i¢in sAED, Edwards AY ve Banister AU arasindaki iligkiyi belirlemek
icin veriler normal dagilmadigindan Spearman korelasyon katsayisi kullanilmistir. Korelasyonlarin
anlamlilig1 Hopkins'in siniflandirmasi kullanilarak degerlendirilmistir: r <0.1, 6nemsiz; 0.1-0.3=kiiciik;
0.3-0.5= orta; 0.5-0.7, iyi= 0.7-0.9= yiiksek; . 0.9> ¢ok yiiksek ve 1= miikemmel (Hopkins ve ark.,
2009). Farkli yiiklerle yapilan 3 ayr1 seanstaki her bir yontem i¢in antrenman ytikleri arasinda fark olup
olmadigim kontrol etmek icin Tekrarli Olgiimlerde Anova (Friedman) testi yapilmustir. Friedman testi
sonucundaki farklarin hangi parametrelerden kaynaklandigini gdérmek icin Wilcoxson Testi
uygulanmistir. Her bir yontemin 3 ayr seans arasindaki Sinif i¢i korelasyon katsayis1 (ICC), gliven
aralig1 (CI) ve Etki Biiytikligi (EB) giivenilirliklerini belirlemek i¢in hesaplanmistir. Anlamlilik p <
0,05 olarak belirlenmistir. Tiim istatistikler Jamovi (Jamovi 1.8.4) ve SPSS 22 paket programi
uygulamalar1 ile yapilmistir.
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BULGULAR

Verilerin tanimlayici istatistikleri Tablo 1’de verilmistir. Antrenman yiikleri her seans i¢in 3 ayr1 yontem
ile hesaplanmuistir ve her seans i¢in genel yiik ortalamalar1 Tablo 2'de sunulmustur.

Tablo 1. Antrenmanlara ait siire, KAH ve sAED degiskenleri

Degiskenler 1.Antrenman Seansi 2.Antrenman Seansi 3.Antrenman Seansi
Siire (dk) 41.8+0.72 37.3+1.21 49.8 £1.81
Ortalama KAH (atim/dk) 1342 +11.3 152.3+£9.72 175.7+5.0
Maksimum KAH (atim/dKk) 182.8 +11.8 184.8 £ 8.09 188.8 £5.64
SAED 6.12 + 0.64 6.75+0.46 8.87+0.35

SAED; Seans algilanan eforun derecelendirilmesi

Her bir seans i¢cin uygulanan farkli yiik belirleme yontemlerinin medyan degerlerine bakildiginda
birbirinden farkli olduklar1 gézlenmektedir. Bu, yapilan tekrar sayilarinin ve bu sebeple antrenman
stiresinin fazla olmasindan kaynaklidir.

Tablo 2. Antrenmanlara ait antrenman yiikii degiskenleri

Ortalama Median Standart Sapma En Kiiciik En Biiyiik
Banister AU1 62.5 62.0 18.2 27.5 82.8
Banister AU2 83.6 89.1 19.6 54.7 105
Banister AU3 168 168 12.7 155 191
Edwards AY1 90.3 88.0 22.8 48.8 123
Edwards AY2 118 125 19.1 82.8 135
Edwards AY3 174 172 8.60 167 192
SAED1 257 253 28.4 210 297
SAED?2 252 256 20.3 216 274
SAED3 442 443 24.9 396 477

SAED; Seans algilanan eforun derecelendirmesi, AU, Antrenman uyaram, AY; Antrenman yiikii, ICC: Swif i¢i korelasyon katsayist,
Banister AU 1-2-3; 1-2-3. antrenman seansindaki Banisterin Antrenman Yiikii, Edwards AY 1-2-3; 1-2-3. antrenman seansindaki
Edwards in Antrenman Yiikii

Goriinen farklarmn istatistiksel degerlendirmeleri icin Tekrarli Olgiimlerde Anova (Firedman) testi
uygulanmig ve sonucunda da Banister AU, Edwards AY ve sAED arasinda 3 seansta da anlamli fark
bulunmustur (sirasiyla p<0.001, p<0.001, p<0.002) (Tablo 3.).

Tablo 3. Farkli seanslardaki antrenman yiikii belirleme yontemleri arasindaki farklarin tekrarli 6l¢timlerde
ANOVA (Friedman) istatistikleri

Degiskenler 1.Antrenman Seansi 2.Antrenman Seansi 3.Antrenman Seansi p ICC
Banister AU 62.0+18.1 89.1£19.5 168 £ 12.6 <.001 0.297
Edwards AU 88 +22.8 125+19.1 172+ 8.6 <.001 0.064
SAED 253 +28.3 256 +20.3 443 +24.8 0.002 -1.60

p <.001 <.001 <.001

ICC 0.944 0.971 0.853

SAED; Seans algilanan eforun derecelendirmesi, AU; Antrenman uyarani, AY; Antrenman yiikii, ICC; Smnif i¢i korelasyon katsayisi

Bu farklarin hangi seanslar arasinda oldugunu bulmak i¢in bagimli gruplarda parametrik olmayan
diizende t-testi (Wilcoxon) gerceklestirilmis ve farkin Banister AU i¢in 1-3 ve 2-3 (p=0.008, p=0.008
sirastyla, EB=6.76, 4.80 sirasiyla), Edwards AY igin 1-2, 1-3, 2-3 (p=0.039, 0.008, 0.008 sirasiyla, EB=
1.75, 4.87, 3.17 sirasiyla) ve sAED i¢in 1-3, 2-3 (p=0.008, p=0.008 sirasiyla, EB=7.14, 8.25 sirasiyla)
seanslarindan kaynaklandigi goriilmiistiir. Farklarin anlamli derecede biiyiik olmadig1 seanslar ise
sadece Banister AU yonteminde 1-2 (p=0.055, ES=1.41) ve SAED yo6nteminde 1-2 (p=0.844, EB=0.12)
seanslar1 arasinda goriilmektedir (Tablo 4.).

Tablo 4. Ayn1 Yontemlerdeki Seanslar Arasi Farklar (Bagimli Gruplarda T-testi-Wilcoxon)

Degiskenler p EB
Banister AU 1 Banister AU 2 0.055 1.41
Banister AU 1 Banister AU 3 0.008 6.76
Banister AU 2 Banister AU 3 0.008 4.80
Edwards AY 1 Edwards AY 2 0.039 1.75
Edwards AY 1 Edwards AY 3 0.008 4.87
Edwards AY 2 Edwards AY 3 0.008 3.17
SAED 1 SAED 2 0.844 0.12
SAED 1 SAED 3 0.008 7.14
SAED 2 SAED 3 0.008 8.25

SAED; Seans algilanan eforun derecelendirmesi, AU; Antrenman uyarani, AY; Antrenman yiikii, EB, Etki biiyiikliigii
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Antrenman yiikii belirleme yontemleri arasindaki iliskiler incelendiginde ise ilk seansta Banister AU ile
Edwards AY (p<.001, p=0.976***) arasinda miikemmel anlamli ve Banister AU ile SAED (p=0.022,
p= 0.810%) arasinda yiiksek anlamli ve sAED ile Edwards Ay (p=0.005, p= 0.905**) arasinda ¢ok
yuksek anlamli iliskiler gozlenmistir.

Tablo 5. Seanslardaki Ug Yéntem Arasindaki Spearman Korelasyon Analizi

Degiskenler

Banister AU 1

Edwards AY 1

9095 CI 9095 CI
Edwards AY 1 Spearman’s rho 0.976™* 714 0.990
p-value (sig) <.001 -
Spearman’s tho 0.810* 0.905**
SAED 1 p-value (sig) 0.022 0.370 0.973 0.005 0.490 0.980
Banister AU 2 Edwards AY 2
9095 CI 9095 CI
Edwards AY 2 Spearman’s rho 0.857* 0461 00978
p-value (sig) 0.011
Spearman’s tho 0.786* 0.952**
SAED 2 p-value (sig) 0.028 0.535 0.982 0.001 0.871 0.996
Banister AU 3 Edwards AY 3
%095 CI %095 CI
’q *k*k
Edwards AY 3 Spearman’s rho 1.000 0.860  0.996
p-value <.001
b *k*k *kk
SAED 3 Spearman’s rho 0.976 0434 o977 2976 0356  0.972
p-value <.001 <.001

SAED; Seans algilanan eforun derecelendirmesi, AU; Antrenman uyaranm, AY; Antrenman yiikii, CI; Giiven araligi

Ikinci seansta da Banister AU ile Edwards AY (p=0.011 p=0.857*) ve Banister AU ile SAED (p=0.028,
p=0.786*) arasinda yiiksek anlamli iliski ve SAED ile Edwards Ay (p=0.001, p=0.952*%*) arasinda ¢ok
yiiksek anlamli iliskiler gozlenmistir. Ugiincii seansta da Banister AU ile Edwards AY (p<.001
p=1.000***) ve Banister AU ile sAED (p<.001, p= 0.976***) arasinda ve sAED ile Edwards AY
(p<.001, p= 0.976***) arasinda mitkkemmel anlamli iligki gdzlenmistir.

TARTISMA

Bu ¢alismanin amaci, giires antrenmanlari i¢in hem antrenman yiikiinii belirlemede farkli yontemlerin
arasindaki iliskiyi (bir seansta 3 ayr1 yontem ile yiik hesaplama) hem de farkli yiiklerle yapilan (3 ayr
seansta farkli yiikler kullanilmasi) antrenmanlarda bu yontemlerin arasindaki farki incelemekti. Bu amag
dogrultusunda ilk ve ikinci seans yiikleri ayni olan, ii¢iincii seansta ise ayn1 ¢alismalarin tekrar sayilar
ve genel antrenman siiresi arttirilarak yiikii daha biiyiik olan bir antrenman tasarimi yapilmaistir.

[lk iki seans arasinda, Banister AU y&ntemi yiikler arasinda fark olmadigini (p=0.055), ayn1
sekilde sAED yontemi daha hassas bir sekilde iki seans arasinda fark olmadigini (p=0.844) géstermistir.
Bir diger yontem olan Edwards AY yontemi ise ilk iki seans arasinda fark oldugunu (p=0 .039)
gostermistir. Seanslarin ortalama verileri incelendiginde yiiklerin birbirine yakin oldugu ancak aym
antrenman yapilmasina ragmen ortalama, maksimum kalp atim hiz1 ve antrenman siiresinde kiigiik
degisimler oldugu gériilmektedir (Ilk seans siiresi= 41.8, Ort KAH=134.2, Max KAH= 182.8, Ikinci
Seans Siiresi= 37.3, Ort KAH= 152.3, Max KAH= 184.8). Bu sonucun, sporcularin hareket tekrarlarin
ayni siirede tamamlayamamasi ve her sporcunun yiiklenmelere verdigi kalp atim hiz1 yanitinin bireysel
olmasindan kaynakli oldugu diisiiniilmektedir. Istatistiksel analize bakildiginda iki yontemin de buna
benzer hesaplamay1 yaptigi goriilmiistir ancak farkin anlamli oldugunu gosteren Edwards AY
yonteminin daha onceki caligmalarda da iki yiik arasindaki farki belirleyemedigi vurgulanmis ve bizim
calismamizda da buna benzer bir sonug ortaya ¢ikmustir (Falk Neto ve ark., 2020). Ugiincii seans
yiikiiniin ortalama degerlerine bakildiginda planlandigi gibi daha yiiksek bir yiik oldugu goriilmiis
(Ugiincii Seans Siiresi= 49.8, Ortalama KAH=175.7, Maksimum KAH= 188.8) ve istatistiksel analiz
sonucunda da ilk iki seans {igiincii seans ile karsilastirildiginda tiim yiik hesaplama yontemleri seanslar
arasinda fark oldugunu gostermistir (p=0.008, EB=3.17-8.25, bkz. Tablo 4). Sonuglara bakildiginda,
Banister AU ile SAED yonteminin farkli yiikler s6z konusu olsa dahi ayni istatistik degerlerini gostermis
ancak Edwards AY yoOnteminin aym yiiklerde istatistiksel olarak diger yontemlerden farkli sonuglar
gbstermesi bu yontemin giivenilirligini sorgulamamiza neden olmustur. Daha diisiik yiikler s6z konusu
oldugunda kalp atim hizlarindaki degisimler sebebi ile Edwards AY yOnteminin iki yiik arasindaki farki
belirlemede giivenilir olmayabilecegini séylemek miimkiin gériinmektedir (Falk Neto ve ark., 2020).
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Bir antrenman seansinin yikiinii hesaplarken kullamilan {i¢ farkli yontem arasindaki iligki
incelendiginde ise ilk seansta Banister AU ile Edwards AY arasinda miikemmel anlamli (p<.001,
p=0.976***), Banister AU ile SAED arasinda yiiksek anlaml1 (p=0.022, p=0.810*) ve SAED ile Edwards
AY arasinda ¢ok yiiksek anlamli (p=0.005, p=0.905**) iligki bulunmustur. Benzer sekilde yiikii ilk
seans ile ayn1 olan ikinci seansta da ayn1 sonuglar gozlenmistir (bkz. Tablo 5). Yiikii daha yiiksek olan
iiclincii seansta da {i¢ ayr yiik belirleme yontemi arasinda yiiksek anlamli iligkiler gézlenmistir ancak
ilk iki seanstaki iliski katsayilarina bakildiginda en yiiksek iliski katsayilar1 tiglincii seansta gozlenmistir
(bkz. Tablo 5). Bu sonuglara dayanarak yiiksek yiiklerde de antrenman yiikii belirleme yontemlerinin
yiiksek iliskili sonuclar gosterdigi sylenebilir. Literatiire bakildiginda daha 6nce yapilan ¢aligmalardaki
SAED ile Edwards AY arasinda bulunan giigli anlamli iligskiyi, bu aragtirmanin bulgular1 da
desteklemektedir (Crawford ve ark., 2018; Tibana ve ark., 2018). Falk Neto ve ark. (2020)’nin
fonksiyonel kondisyon antrenmani seanslarinda antrenman yiiklerini izlemek i¢in uygun algilanan
eforun seans derecesi belirlemeye yonelik ¢alismasinda, sAED ile Edwards AY arasinda anlaml iliski
bulunamamis ve bunu da ¢alismadaki oturumlarin farkl: siirelere sahip olmasina (kisa ve uzun), bunun
da korelasyonlarin biiyiikliigiinii etkiledigine dayandirmislardir. Calisma ayrica Banister AU ve
Edwards AY’nin farkli yogunluklardaki yiikleri belirlemede sAED’ye kiyasla antrenman yiiklerini
dogru bir sekilde degerlendiremeyebilecegini aktarmigtir ancak mevcut ¢alisma, tiim yontemlerin farkli
yiiklerde de benzer iligkiler gosterdigini ortaya koymustur. Literatiirde i¢ ve dis yiik modelleri arasindaki
karsilastirma ile ilgili olarak, futbolda sAED ve toplam mesafe yontemleri arasinda ¢ok biiyiik
korelasyonlar (r=0.76-0.89) bulunmustur (Casamichana ve ark., 2013). Futbolcularla yapilan baska bir
claisma sAED ile Edward AY arasinda 0,51 ile 0,91 arasinda degisen korelasyon katsayilari rapor
etmistir. Antrenman yiikii belirlemede kullanilan kalp atim hiz1 ve hormonal degisimler gibi i¢ yiik
yontemlerinin gegerliligi literatiirde ortaya konmus olsa da (Mangine ve ark., 2018; Timén ve ark., 2019)
bu yontemlerin giires gibi temasli miicadele sporlarinda uygulanmasi olduk¢a zor ve ayrica da
maliyetlidir.

Tiim bu zorluklar yaninda, 6zellikle sSAED yonteminin hem orta yiiklerde hem de yiik arttiginda
yiiksek iligki katsayisi gostermesi, yontemin pratik kullanimi ile kullanici dostu ve ek bir cihaz
gerektirmemesi agisindan 6nemli bir bulgudur ¢iinkii i¢ antrenman yiiklerini izlemek i¢in yaygin olarak
kullanilan belirteglerin ¢ogu, kullanim kolaylig1, gecerlilik ve giivenilirlikle ilgili ek zorluklar ortaya
koymaktadir (Bourdon ve ark., 2017; Halson, 2014). Giires gibi miicadele sporu olan ve antrenman
yiiklerini izleme konusunda benzer zorluklarla karsilagan tackwondo gibi branslarda sAED y6nteminin
seanslarin antrenman ytikiine iligkin farkli yonleri degerlendirmede daha kapsamli oldugu goriilmektedir
(Lupo ve ark., 2014; Lupo ve ark., 2017). Bunun yan sira, olgeklerin ve kalp atim hizina dayal
yontemlerin giires seanslar1 sirasinda antrenman yiiklerindeki degisikliklerle iligskisi daha &nce
incelenmemistir. Bizim ¢alismamizdaki bulgular, 6zellikle bu sebeple 6nemlidir. SAED yonteminin
giivenilir ve pratik bir yontem olmasi yaninda 6zellikle daha uzun antrenman seanslarindaki
giivenilirligi ayrica incelenmelidir.

SONUC

Calismada incelenen {ii¢ farkli yiik belirleme yonteminin de antrenman yiikiinii belirlemede birbiri ile
iligkili oldugu ve farkli yiiklerde dahi yiikii belirleyebildigi sonucuna ulagilmistir. Ancak Edwards
AY’nin yiikler arasindaki farki belirlemede giivenilir olmayabilecegi ¢caligmamiz ile desteklenmistir.
Bu bulgular ile antrenman yiikii belirlemede tercih edilecek yontemler arasinda Banister AU ve sAED
yontemlerinin giivenilir bir sekilde tercih edilebilecegi sonucuna varilmistir. Ek cihazlar gerektiren ve
seanslar sirasinda kalp atim hizi monitérlerinin kullaniminda bazi egzersizlerin dogasi geregi zorluk
olusturdugundan Banister Antrenman Uyarani gibi antrenman yiikii belirleme yontemlerinin, kullanim
kolaylig1 ve maliyet a¢isindan daha kullanigli olan SAED ydnteminin tercih edilebilecegi bu ¢alismanin
en dnemli sonucu ve Onerisidir.
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Abstract Keywords

Aim: This study examines the impact of sports organization management on the leisure time Leisure,
evaluation and communication skills of Iragi youth and sports administration staff. Communication,
Methods: The statistical population of this research is made up of the staff of sports and youth Sports organizations,

departments in Irag. According to the Morgan table, the sample size was 302 people. The ~ Erectiveness of management.

measurement tool in this research was a questionnaire, which Cronbach'’s alpha coefficient was
used for the reliability of the questionnaires, and its validity was measured by consulting with
the supervisors and consultants and sports management experts. In order to analyze the data,
descriptive statistical methods such as percentage, mean and standard deviation and inferential
statistical methods such as Pearson's correlation coefficient to test the relationships between
variables and step-by-step regression to predict leisure-sports decision-making and skills
Communication is through the effectiveness of the organization's management, which has been
used using SPSS version 21 software.

Results: The findings showed that; there is a significant relationship between the effectiveness

L . L . . Article Info
of organization management and sports leisure decisions and communication skills, and the Received: 06.05.2023
structural equation model between the variables along with its components has a significant fit. Accepted: 04.01.2023

Conclusion: With an effective management, it is possible to strengthen communication skills Online Published: 15.06.2024
in the decision-making of leisure programs. And in the conditions of the corona disease,

researcher took a big step for different strata of the Iragi society in leisure activities. DOI: 10.18826/useeabd.1293423
Irak'ta Spor ve Genglik Dairesi Calisanlan I¢cin Bos Zaman Sporlarimin

Sosyolojik Olarak Incelenmesi

Ozet Anahtar Kelimeler

Amac¢: Bu caligma, spor organizasyonu yonetiminin Irakli gengler ve spor ydnetimi Bos zaman,
calisanlarmin  bos zaman degerlendirme ve iletisim becerileri iizerindeki etkisini letigim,
incelemektedir. Spor organizasyonlari,

Yontem: Bu arastirmanin istatistiksel evrenini Irak'taki spor ve genglik departmanlarinin Yonetimin etkinligi.

personeli olusturmaktadir. Morgan tablosuna gore Orneklem biiyiikliigii 302 kisidir. Bu

aragtirmadaki 6l¢lim araci bir anket olup, anketlerin giivenilirligi i¢in Cronbach alfa katsayist

kullanilmis ve gecerliligi amirlere, danigmanlara ve spor yonetimi uzmanlarina danisilarak

Olciilmiigtiir. Verileri analiz etmek i¢in, ylizde, ortalama ve standart sapma gibi tanimlayict

istatistiksel yontemler ve degiskenler arasindaki iligkileri test etmek i¢in Pearson korelasyon

katsayis1 ve bos zaman-spor karar verme ve becerilerini tahmin etmek i¢in adim adim regresyon

gibi cikarimsal istatistiksel yontemler SPSS siiriim 21 yazilimi kullanilarak kullanilmastir.

Bulgular: Bulgular; organizasyon yonetiminin etkinligi ile bos zaman spor kararlari ve iletigim -
o SR - .. . o Yayin Bilgisi

becerileri arasinda anlamli bir iligki oldugunu ve degiskenler arasindaki yapisal esitlik Génderi Tarihi: 06.05.2023

modelinin bilesenleriyle birlikte anlamli bir uyuma sahip oldugunu gostermistir. Kabul Tarihi: 04.01.2023

Sonug: Etkili bir yo6netimle, bos zaman programlarinin karar alma siirecinde iletisim Online Yayin Tarihi: 15.06.2024

becerilerini giiglendirmek miimkiindiir. Korona hastalig1 kosullarinda aragtirmaci, bos zaman

faaliyetlerinde Irak toplumunun farkli katmanlar1 igin biyiik bir adim atmigtir. DOI: 10.18826/useeabd.1293423

INTRODUCTION

It can be said that the successful performance of managers determines the performance of an
organization and its level of success in achieving its goals. Successful and effective management is a
management that tries to achieve the goals of a proper and humane relationship, to use 80-90% of the
employees' abilities in relation to achieving organizational goals. The effectiveness of organizational
management is an indicator that shows how managers effectively and efficiently use the organization's
resources to gain customer satisfaction and achieve organizational goals. In order to fulfill their mission
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in the organization, the heads and managers of the organization play various roles and perform various
functions and tasks, they set goals and plan, organize and finally lead the activities of individuals and
organizational units through communication, and they monitor and inseparable from management and
use it in any task in an impressive way.

Management is always faced with cases that require decision-making on its part, and the quality
and manner of these decisions determine the success and fulfillment of organizational goals (James,
2011). It can be said that decision making and management can be considered as synonyms. Because it
is the main part of management. Koontz and Weihrich (2006), believes that the existence of plan,
program, policy and policy depends on the existence of the role of the manager, because he must think
about what path to choose, what should be done. Effective and successful management is different from
this type of managers in almost all aspects, they play the role of leaders and in a word, they emphasize
the role of communication skills, because social abilities are an important part of communication and,
in fact, objectivity is a part. It also has an important role in decision making. Paying attention to the
definition of decision-making (choosing a way from among different ways), getting the possible ways
and their results and choosing the right one among them and if a manager can make this choice
effectively, it is an effective and productive decision (Herbst, 2006). In their research, researchers have
paid attention to people's lifestyles and based on this, they have presented five decision-making styles,
which include rational, intuitive, dependent, immediate, and avoidance decision-making. It is his duty
to make his own decision. In addition to organizational factors, demographic characteristics also cause
managers to behave differently in decision-making situations, and as a result, they are different in
decision-making style.

On the other hand, in today's era, sports is one of the things that have been raised in different
ways in the world and many groups are facing it in different ways. There are a number of professional
athletes and a group of amateur athletes, a group of fans and interested in sports and watching programs
and competitions, and another group spend their time doing sports (Dingley et al., 2008). Various sports
ministries and centers have been established. A significant part of TV, radio, magazines and other mass
media deals with sports news. Sports in the world is seriously discussed and has importance from various
economic, social and political aspects. On this basis; Sports organizations are also important as centers
providing sports goals, it is necessary to examine the managers of this group of organizations who are
responsible for managing and making decisions in organizations. On the other hand, people with
extensive communication can achieve new thinking and new realities and thus play a role in
organizational development and the growth of society (Wolfe et al., 2011). Establishing communication
arouses the feeling of being social in human beings and in establishing this communication, a person
acquires new skills and new ways of thinking, to the extent that as organizations expand, human
communication becomes more complex. It seems that lack of communication skills leads to increased
costs and ultimately reduces effectiveness (Alizadeh et al., 2023). The communication of people who
have better feedback, speaking and listening skills will succeed in creating effective communication.
Communication is a very crucial and significant element in an organization, and it is necessary for
creating collaboration within the work environment that has effects on organizational performance and
decision making. Therefore, communication is considered an integral part of management functions and
managers must have management skills to successfully perform their duties. Knowing people's
communication skills and exerting influence on them in order to achieve organizational goals is a
fundamental issue in the study of human behavior. In addition to knowledge, managers must have
sufficient skills, and without a doubt, the educational system has high effectiveness, efficiency, and
credibility, and one of these skills is communication skills, which is one of the most important skills as
an educational tool that helps in success and Its effectiveness has a significant impact (Musheke and
Phiri, 2021). Therefore, the researcher seeks to measure the effectiveness of the management of sports
organizations on sports leisure decisions and the communication skills of the staff of the Iragi Sports
and Youth Department.

METHOD
Model of the research

According to the type of research, the research method is descriptive research, in terms of correlation
between variables, and according to the objectives of the research, it is applied research.
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The universe and sample of the research

The statistical population of this research is made up of all the employees of the Sports and Youth
Department in Irag. Sampling in this research was done by simple random sampling based on Morgan's
table (Krejcie & Morgan 1970). Therefore, according to the investigations and data collection from
sports and youth departments, 302 people out of 1388 people in the society were collected according to
Morgan's table in order to complete the questionnaire and analyze the data. Out of 302 people in the
sample, 199 were men and 103 were women. The age of 30-35 years old had the highest number, i.e.
115 people, and 48 years old and above had the lowest number. Table 1 shows the demographic
information of the sample under review:

Table 1. The results of descriptive findings

Variable Groups Frequency Percentage
Gender Male 199 64.4
Female 103 35.4
30-35 years 115 38.3
36-41 years 137 44.7
Age 42-47 years 39 12.3
48 years and above 11 3.7
Education Physica_l Educatior_\ 181 59.9
Non-physical education 121 40.1
1to 5 years 61 20.3
6 to 11 years 102 334
Service record 12 to 17 years 109 36.1
18 to 23 years 30 9.2
Sports history Athlete 114 37.1
Non-athlete 188 62.9
Total 302 100

According to the questionnaire distributed among the examined sample regarding the sports history and
education of the sample people, it was found that the highest percentage is related to the athletes who
have between 12 and 17 years of experience and have a degree in physical education, which is shown
in the above table.

Data collection tools of the research

The method of collecting information was in the field (using the questionnaire tool) and in the library
(books, articles, scientific journals, etc.). The required information from the current state of the statistical
sample was collected using three questionnaires:

» Questionnaire 1: 17-question standard questionnaire of Jeffery's organization management
effectiveness (2002) which had three components of planning, organizational interaction, and
flexibility.

» Questionnaire 2: The 10-question questionnaire of Ziaee et al.'s (2021) leisure time sports decision-
making with 10 questions that had two components: understanding the message and regulating
emotions. 3-Queen Dam's 34-question questionnaire of communication skills (2004) has 34
guestions that have five components: Receiving and sending messages, emotional control,
listening, insight into the communication process, and communication with assertiveness.

Data analysis of the research

The validity of the present questionnaires was checked by experts, supervisors and consultants, and its
reliability was calculated by retest method using Cronbach's alpha coefficient in SPSS version 21
software. Cronbach's alpha of organizational management effectiveness questionnaire was 0.79, sports
leisure decision making questionnaire was 0.81 and communication skills questionnaire was 0.78. In
order to analyze the data, descriptive and inferential statistics (Kolmogorov-Smirnov, correlation and
regression) were used to investigate the effectiveness of sports organization management with sports
leisure time decision-making and communication skills.

Table 2. The results of the data normal distribution test
Variable variable/components p Normal/abnormal
Kolmogorov-Smirnov test research variables and components >0,05 Normal
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According to the Kolmogorov-Smirnov test, the data are normal when the significance level is greater
than 0.05. According to Table, the research variables and components are consistent with the researcher's
expected distribution, that is, the data distribution was normal.

FINDINGS

Table 3. The relationship between the effectiveness of the management of sports organizations and the decision
of sports leisure times
Independent  Dependent variable

variable (Components) Quantity Average Standard deviation r p
Effectiveness Decision 302 40.13 1.02 0.44 0.02
of organization Knowledge 302 14.33 1.73 0.41 0.04
management Being on time 302 12.64 1.35 0.39 0.001

According to the results of the above table, correlation at the level in this research hypothesis in order
to investigate the relationship between the effectiveness of management of sports organizations and the
decision-making of sports leisure time of employees, first the relationship of two variables has been
investigated. Also, according to the correlation coefficient obtained (0.44), we find that there is a
relatively good and positive relationship between the dependent and independent variables.

Table 4. Bivariate regression between the effectiveness of organization management and sports leisure decision
making

Independent variable R? Adjusted R? B F p Test result
Effectiveness of organization management 0.37 0.36 0.21 1.314 0.038 Accept th_e
hypothesis

According to the significance of the F value in Table 4, it can be concluded that the regression model of
the research composed of the independent variable (the effectiveness of the organization's management)
and the dependent variable (decision making of sports leisure time) is a relatively good model and the
independent variable is able to change the time decision making and explain sports leisure. The
coefficient of determination also shows that 37% of the total variance of the changes in sports leisure
decision-making is related to the effectiveness of the organization's management.

Table 5. The results of regression analysis between the effectiveness components of organization management
and sports leisure decision making

Multiple regression B SE B p
Planning 0.28 0.09 0.29 0.016
Organizational interaction 0.21 0.11 0.23 0.35
Flexibility 0.37 0.07 0.36 0.011

The significance of planning components (0.016) and organizational interaction (0.035) has decreased
from the value of sig and has become significant. (Sig <= 0.05) means that these two components have
been able to predict sports leisure time decision making. Also, the higher the beta coefficient of a
variable, the greater its role in predicting the dependent variable.

Table 6. The factor loading of the relationship model between the effectiveness of organization management and
sports leisure decision making

Variables Factor load t p

Planning - Effectiveness of organization management 0.391 - -
Interaction > Effectiveness of organization management 0.464 3.241 0.012
Flexibility > Effectiveness of organization management 0.164 1.107 0.17

Knowledge - Sports leisure decision making 0.673 - -
Being on time = Sports leisure decision making 0.486 4.133 0.015
Effectiveness of organization management = Sports leisure decision making 0.583 6.429 0.016

According to the results of the above table, the relationship is confirmed (at the error level of 0.05) if
the value of t is greater than 2 or less than -2, which will be a positive and negative relationship,
respectively. Paul Klein believes that indicators whose loading is less than 0.3 or whose statistics are
smaller than the absolute value of 2 indicate the weakness of that indicator and are removed from the
model.
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Table 7. The relationship between the effectiveness of management of sports organizations and communication
skills

Dependent variable

Independent variable n Average S.D. R p

(Components)
Communication skills 302 37.26 162 041 0.03
Receive and send messages 302 12.67 154 0.32 0.001
Effectiveness of Emotional control 302 10.52 1.82 0.36 0.011
organization management Listening 302 14.81 122 028 0.02
Insights into the communication process 302 12.15 202 040 0.01
Communication with determination 302 14.37 168 0.39 0.01

Statistical results were significant (p<0.05). Details are given in the table.

Table 8. Bivariate regression between the effectiveness of organization management and communication skills

Independent variable R? Adjusted R? B F p Test result
Effectiveness of organization management 0.32 0.32 0.16 2.677 0.024 ﬁ\ccept th_e
ypothesis

According to the significance of the F value in Table 8, it can be concluded that the regression model of
the research composed of the independent variable (effectiveness of organization management) and the
dependent variable (communication skills) is a relatively good model and the independent variable is
able to change and explain the decision making of sports leisure time. The determination coefficient also
shows that 32% of the total variance of changes in communication skills is related to the effectiveness
of the organization's management.

Table 9. The results of regression analysis between the effectiveness components of organization management
and communication skills

Multiple regression B S.E. B p
Planning 0.44 0.16 0.43 0.019
Organizational interaction 0.41 0.18 0.42 0.017
Flexibility 0.30 0.19 0.31 0.15

Statistical results were significant (p<0.05). Details are given in the table.

Table 10. Factor loading of the model of relationships between the effectiveness of organization management and
communication skills

Variables Factor load t p
Planning > Effectiveness of organization management 0.477 - -
Interaction > Effectiveness of organization management 0.510 4.318 0.036
Flexibility > Effectiveness of organization management 0.1254 1.738 0.19
Receive and send messages - Communication skills 0.429 - -
Emotional control > Communication skills 0.557 3.429 0.001
Listening = Communication skills 0.519 5.221 0.011
Insights into the communication process - Communication skills 0.623 3.465 0.001
Communication with determination = Communication skills 0.487 6.914 0.019
- Effectiveness of organization management - Communication skills 0.475 5.113 0.012

Statistical results were significant (p<0.05). Details are given in the table.
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DISCUSSION

The present study investigated the effectiveness of sports organization management by deciding on
sports leisure time and communication skills of Iragi youth and sports administration staff. According
to the findings of the research regarding the first hypothesis, the result showed that there is a positive
and significant relationship between managerial effectiveness and decision-making of employees'
leisure time. The factor load between effective management and sports leisure time decision-making
showed 0.58. Also, the correlation result showed a good and positive correlation between these two
variables. Therefore, it can be said that by using effective managers and holding effective leadership
training courses among the managers of the organization, the decision-making skills of the employees
of sports organizations were strengthened. If the management of the organization is effective and shows
itself at all organizational levels, it can influence the decisions of the employees with documented plans.
So that when the employees see the effective management, they always follow the steps in reaching the
goals on time by planning the sports related to their field. On the other hand, effective management with
organizational interaction of employees also has an effect on employees' decisions; So that it can be said
that this management is effective that by interacting and creating high working relationships, among the
employees of different parts of a sports organization and by creating hidden roles in different
organizational layers, making decisions. It strengthens the employees in the shade of interactions (Tatum
et al., 2003). Also, the findings showed that flexibility cannot have a successful relationship with
employees' sports leisure decisions, which may be one of the influential factors in descriptive factors
such as work experience. Different work experiences usually show more or less resistance in an
organization from a flexible and changeable approach to managing an organization. On the other hand,
in effective management, managers always try to focus their attention on employees' behavior
(Rockstuhl et al., 2011). This causes the internal motivation of the employees and while establishing a
stronger relationship with the management, they are more careful in their decisions in work matters and
increase their work sensitivity. These people are always more noble than their related matters, which
shows their knowledge in the field of work decisions (Mubarak, 2014). As the results of this research
also showed, effective management has a positive and meaningful relationship with employees'
decision-making knowledge. This knowledge shows its importance among the employees of Iraqgi sports
and youth departments who are always dealing with implementation programs. These findings are
consistent with the findings of Oliveira (2014), Smith et al. (2012). The results regarding the second
hypothesis indicated a relationship between effective management and communication skills of the
employees of sports and youth departments. Asking employees for their opinions about effective
management and applying these opinions to the manager's behavior leads to the creation of a lively and
healthy organizational atmosphere in the organization for employee satisfaction and improving group
and organizational efficiency. The factor load between the dimensions of communication skills and
effectiveness of group management is 0.47, which is significant. Therefore, there is a positive and
meaningful relationship between communication skill and management effectiveness, and the
hypothesis is confirmed. Therefore, managers can encourage and facilitate the network of relationships,
friendships and informal communication of employees with colleagues by providing communication,
expanding the flow of information and social support and provide group and organizational effectiveness
(David, 2011). The relationship between the dimension of insight into the communication process and
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management effectiveness is 0.40, which is a relatively good and significant relationship. Therefore, the
attention of managers and employees in organized communication skills and the newness of this skill in
today's organizations and its importance, by setting up briefing sessions and training courses by
managers and high-level officials and improving the conceptual and operational understanding of this
skill by themselves. Employees strengthen the organization through peripheral studies in identifying the
position and importance of communication skills. It is also possible to increase the managerial
effectiveness of the organization with the participation of employees related to the field of management
and their communication with other classes of the organization. Organizational attitudes make
employees more effective, because employees have more access to important resources to maintain and
improve their performance, and they consider it necessary to respond to quick challenges that arise
(Nazari et al., 2015). The results of this research show that there are many ways to create effective
communication that leads to more effective management. Therefore, based on the results of the
assumptions of this research and the review of the background and the results of the researches that have
been conducted with the focus on management skills, group effectiveness inside and outside Iran, it is
possible to see the compatibility of most of the research findings with the findings of this research. As
revealed from the results of the research, improving the basic communication skills of employees in the
organization is emphasized because its impact on a healthy atmosphere and also the effectiveness of the
organization's management cannot be denied. The findings of this research are in line with the findings
of Madani and Gholami Lavasani (2017).

RESULTS

This study examines the impact of sports organization management on the leisure time evaluation and
communication skills of Iragi youth and sports administration staff. The research results indicate a
significant relationship between managerial effectiveness and employees' leisure time decision-making.
Additionally, it has been shown that effective management and leadership training can enhance
employees' decision-making skills. A positive relationship was also found between organizational
interaction and employees' decisions. The findings suggest that flexibility does not establish a successful
relationship with employees' leisure time decisions and that this may be influenced by descriptive factors
such as work experience. There is also a significant relationship between effective management and
employees' communication skills. Soliciting employees' opinions and reflecting these opinions in
managerial behavior revitalizes the organizational atmosphere and increases group productivity. These
findings underscore the importance of developing employees' communication skills in enhancing
organizational management effectiveness and creating a healthy atmosphere.
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