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Research Article

Ust Diizey Yetiskin Erkek Su Topu Sporcularinda Diz Fleksiyon,
Ekstansiyon, Kal¢ca Addiiksiyon ve Abdiiksiyon Kuvvetinin Su I¢i
Sicrama Performansina Etkisinin Incelenmesi

Evaluation of the Effects of Knee Flexion, Knee Extension, and Hip Adduction Strength on In-
Water Jump Performance in Elite Adult Male Water Polo Players

Ridvan Pehlivan1'=, Alper Asc12'>', Muhammed Yusuf Kahraman?

Ozet

"Hali¢ Universitesi, Lisansiistii Egitim Bu ¢aligmanin amaci, iist diizey yetiskin erkek su topu sporcularinda diz fleksiyon-
Enstitiisi, Istanbul, Tiirkiye. ekstansiyon ile kalga addiiksiyon-abdiiksiyon kuvvetinin su i¢i sigrama performansi ile
rudimentaltraining@gmail.com iliskisini incelemektir. Arastirmaya 12 {ist diizey erkek su topu sporcusu katilmistir. Diz

L o fleksiyon, diz ekstansiyon, kal¢a addiiksiyon ve abdiiksiyon kuvvet Ol¢iimleri Biodex
? Hali¢ Universitesi, Spor Bilimleri izokinetik dinamometre ile 60°/s agisal hizda, dominant ve non-dominant taraflar icin
Fakilltesi, Istanbul, Tirkiye. gergeklestirilmigtir.  Degerlendirmede tepe tork, relatif tork, ortalama giig,
alperasci@halic.edu.tr hamstring/quadriceps orani ile addiiktor/abdiiktor karsiliklilik oranlar dikkate alinmustir.
3Hali¢ Universitesi, Spor Bilimleri Su i¢i sigrama yiiksekligi, Platanou (2005) tarafindan tanimlanan protokole uygun olarak
Fakiiltesi, Tiirkiye. Ol¢tilmiistiir. Bulgular, su i¢i sigrama performansinin 6zellikle alt ekstremiteye ait relatif
muhammedkahraman@halic.edu.tr kuvvet ve giic zellikleri ile iliskili oldugunu gostermistir. Ozellikle diz fleksiyon-

ekstansiyon ve kalca ¢evresi kaslarin kuvvet parametrelerinde anlamli iligkiler saptanmus,
performansin yalnizca mutlak kuvvet diizeyiyle agiklanamayacagi anlasilmistir. Sonug
olarak, su i¢i sigrama performansinin degerlendirilmesinde kas kuvvetinin yani sira
teknik uygulama, taraflar arasi islevsel farkliliklar ve su i¢i koordinasyonun da birlikte
*Ridvan Pehlivan ele alinmasi gerektigi diiiiniilmektedir.

Anahtar Kelimeler: Su topu, Su i¢i sigrama, izokinetik kuvvet
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Published: 30.06.2026 The aim of this study was to examine the relationship between knee flexion-extension

strength, hip adduction-abduction strength, and in-water jump performance in elite adult
male water polo players. Twelve elite adult male water polo players participated in the
study. Knee flexion, knee extension, hip adduction, and hip abduction strength were
assessed bilaterally using a Biodex isokinetic dynamometer at an angular velocity of
60°/s. Peak torque, relative torque, average power, hamstring/quadriceps ratio, and
adductor/abductor reciprocal ratios were evaluated. In-water jump height was measured
according to the Platanou (2005) protocol. The findings showed that in-water jump
performance was associated particularly with relative lower-extremity strength and power
characteristics. Significant relationships were observed especially for knee flexion-
extension and hip-related strength parameters, suggesting that performance cannot be
explained by absolute force values alone. In conclusion, muscular strength should be
considered together with technical execution, functional between-limb differences, and
aquatic coordination when evaluating in-water jump performance in water polo.

Citation: Pehlivan, R., As¢1, A., & . ..
Kahraman, M. Y. (2026). Ust diizey Keywords: Water polo, In-water jump, Isokinetic strength
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GIRIS

Su topu, yiiz yili agkin bir siiredir oynanan, kisa ve yogun aktivitelerden olusan, orta ve diisiik yogunluklarla
kesintiye ugrayan aralikli bir spordur (Smith, 1998). Olimpiyat oyunlarina 1900 Paris Olimpiyatlarinda giris
yapmasi ile Olimpiyatlarda glinlimiizde de oynanmaya devam eden en eski takim sporudur (Findling, 1996;
Smith, 1989). Zaman i¢inde oyunu daha hizli ve izleyis zevki daha yiiksek hale getirmek amaciyla kural ve
uygulamalarda cesitli giincellemeler yapilmistir (World Aquatics, 2026). Bu degisimler, oyunun temposunu ve

fiziksel gereksinimlerini dogrudan etkiledigi i¢in su topunun performans bilesenlerinin sistematik bicimde
izlenmesini gerekli kilmaktadir (Botonis vd., 2016; D’ Auria & Gabbett, 2008; Smith, 1998).

Bir su topu mag1 sirasinda, oyuncu su i¢inde yatay ve dikey pozisyonlarda, topla veya topsuz, rakiple etkilesim
halinde ya da bagimsiz birgok hareket gergeklestirir (Dopsaj & Matkovic, 1998). Su topunun ani baslangi¢ ve
duruslarla karakterize edilmesi, bu sporun bacaklarin patlayici giiciine dayali bir aktivite olmasini gerektirir.
Su topu miisabakalarinin fizyolojik taleplerinin anlasilmasinda yalnizca metabolik yanitlarin degil, oyun igi
hareketlerin incelenmesi de 6nem tagimaktadir. Uluslararasi su topu miisabakalarinda gergeklestirilen zaman-
hareket analizleri, ortalama egzersiz siiresinin yaklasik 7 saniye oldugunu ve egzersiz-dinlenme oraninin
yaklasik 1:1.6 diizeyinde gerceklestigini bildirmistir. Egzersiz siirelerinin biiyiik cogunlugunun 10 saniyenin
altinda olmasi, kisa siireli patlayici enerji {iretiminin baskin roliinii desteklemektedir (D’Auria & Gabbett,
2008). Ornegin iist diizey miisabaka analizlerinde oyuncularin ortalama 1613 + 150 m mesafe kat ettigi, bunun
dakikada 54 + 5.8 m'min! ylizme hizina karsilik geldigi ve toplam mesafenin %44’ tiniin 14 m-s™ iizerindeki
hizlarda gergeklestigi raporlanmistir (Melchiorri vd., 2010). Bu nedenle, su topunda mag yiikiiniin
degerlendirilmesinde yalnizca toplam mesafe degil, hareketlerin yogunlugu, dikey pozisyonda kalma siiresi ve
aksiyonlarin tekrar yapisi da dikkate alinmalidir (Botonis vd., 2016; Smith, 1998).

Yiizme, pas verme ve sut atmanin yani sira, su i¢indeki yiikselme hareketinin hem savunma hem de hiicum
manevralarinda énemli bir bilesen oldugu kabul edilmektedir (Platanou, 2004). Su topu oyuncular1 mag
stiresinin yaklagik yarisinda (%46.9) dikey pozisyonda bulunmakta ve bu siire boyunca su iizerinde kalma,
pozisyon koruma ve rakiple temas igeren miicadele hareketlerini gergeklestirmektedir (Platanou, 2004). Su
icinde yiikselmekte kullanilan en temel becerilerden biri, kuvvet tireterek {ist viicudu suyun disina kaldirmak
amaciyla kullanilan su i¢i sigrama (water boost) teknigidir. Su topunda dikey yilikselme, dairesel bacak
hareketleri, yliksek kal¢a abdiiksiyonu ve disa rotasyon ile karakterize edilen karmasik bir hareket olan “makas
vuruslari (eggbeater)” araciligiyla olusturulur (Melchiorri vd., 2014). Bir oyuncunun makas vurugunu daha iyi
yapabilmesi, pas verme, sut atma, blok yapma, savunma ve top kesme gibi temel gorevlerdeki yetkinligini
artirir (Sanders, 1999). Su topunda sporcular makas teknigini genel olarak iki sekilde kullanir. Viicudu uzun
bir siire boyunca suyun iistiine yiikseltilmis bir pozisyonda desteklemek icin kullanilan vurusa “tutma” denir.
Ikincisi ise kisa siireli maksimal yiikseklik elde etmeyi amaglayan patlayici karakterli “yiikselme” hareketidir
(Melchiorri vd., 2010; Platanou, 2004; Sanders, 1999). Senkronize ylizme ve su topu branglarinda yaygin
olarak kullanilan bu teknik, mekanik olarak kurbagalama ayak vurusuna benzemekle birlikte, iki bacagin es
zamanli1 degil doniigiimlii olarak hareket etmesi bakimindan farklilik gostermektedir (Oliveira vd., 2010). Bu
sayede sporcu su i¢inde dikey pozisyonda kalirken, list ekstremitelerini serbest bigimde kullanabilir ve pas,
sut, top kontrolii ile savunma gibi teknik becerileri es zamanli olarak gerceklestirebilir (Fernandes vd., 2010;
Oliveira vd., 2010; Zinner vd., 2015). Literatiirde erkek su topu oyuncularinda ortalama su i¢i sicrama
yiiksekliginin yaklasik 68 cm, elit kadin sporcularda ise yaklasik 62 cm oldugu bildirilmistir (Platanou, 2005;
Platanou & Varamenti, 2011). Su ortaminda kuvvet lretimi, karadaki dikey sigrama testlerinden farkl
hidrodinamik ve koordinatif 6zellikler tasimaktadir (Platanou, 2005). Dolayisiyla, su i¢i dikey sigrama
patlayici bir hareket olmasma ragmen kara iizerinde yapilan dikey sicrama ile yiiksek bir korelasyon
gostermemektedir (r = 0.25) (Melchiorri vd., 2014; Platanou, 2005). Bu durum su ortaminda kuvvet iiretiminin
hidrodinamik ve biyomekanik 6zelliklerinin kara ortamindan belirgin sekilde farkli oldugunu gostermektedir
(Keiner vd., 2020; Platanou, 2004; Platanou, 2005). Oyun yapisinin aralikli ve yiiksek yogunluklu karakteri,
sporculari sprint yiizme, dikey sicrama, sut atma ve rakiple fiziksel miicadele gibi patlayici hareketleri tekrar
eden bigimde gergeklestirmesini gerektirir. Bu nedenle hem {ist hem alt ekstremite kas kuvveti su topu
performansinin temel belirleyicileri arasinda yer almaktadir (Keiner vd., 2020).

Laboratuvar ortaminda 6lgiilen kas kuvveti parametreleri ile su i¢i performans gostergeleri arasindaki iliskiler
incelendiginde, 6zellikle alt ekstremite maksimal kuvvetinin su i¢i sigrama performansindaki degiskenlerin
onemli bir boliimiinii acikladigl gézlemlenmistir (Keiner vd., 2020). Yapilan ¢aligsmalar, su topunda bacak
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kuvvetinin, 6zellikle de dikey pozisyonda kalma ve sigrama gibi temel hareketlerdeki etkinligin belirleyici bir
faktor oldugunu ortaya koymaktadir (Agikada vd., 2015).

Ust diizey kadin su topu oyuncularinda yapilan calismada, su disina daha fazla yiikselebilen ve nispeten daha
yiiksek alt ekstremite kuvvetine sahip oyuncularin topu daha hizli atabildikleri raporlanmistir (McCluskey vd.,
2009). Ayrica, McCluskey vd. (2010) alt ekstremite giicii modele dahil edildikten sonra, diger fiziksel
ozelliklerin (yagsiz kiitle, yag kiitlesi, kara sigrama yiiksekligi ve antropometrik 6zellikler) atis hiz1 {izerinde
anlamli bir katkist olmadigini gdzlemlemistir. Ayni zamanda, Yapici vd. (2017) yaptiklar ¢alismada sut hizi
ve izokinetik diz kuvvetinin iliskisini 6l¢miis, iist ve alt ekstremiteler tarafindan iiretilen izokinetik kuvvetler
ile farkli bolgelerden yapilan atis hizlar1 arasindaki iliskiyi istatistiksel olarak anlamli bulmustur. Ayrica, bu
caligmada bacaklar1 kullanarak yapilan atigin, bacaklar1 kullanmadan yapilan atiglara gére daha hizli oldugu
bulunmustur. Yapilan calismalar, su topunda kara, su i¢i ve kombine kuvvet antrenmani yaklasimlarinin,
performans parametrelerinde gelisim saglayabildigini ve alt ekstremite kuvvetinin su ici sigrama kapasitesi
acisindan Onemli bir belirleyici oldugunu gostermistir. Bununla birlikte, pliometrik ve kuvvet odakli
antrenmanlarin kara temelli performans gostergeleri lizerindeki etkileri daha net ortaya konmus olsa da su ici
dikey sicrama performansi ile alt ekstremite kuvvet parametreleri arasindaki iliskinin dogrudan incelendigi
caligma sayisi1 halen sinirlidir (Ramirez-Campillo vd., 2022; Saez de Villarreal vd., 2015; Xu, 2022; Veliz vd.,
2014).

Bu caligmanin ele aldig1 problem, su topunda alt ekstremite kuvvet 6zellikleri ile su i¢i sigrama performansi
arasindaki iliskinin yeterince a¢ikliga kavusmamis olmasidir. Bu yoniiyle ¢alisma, ilgili literatiire katki
sunmay1 amaglamaktadir. Bu kapsamda, mevcut ¢alisma elit erkek su topu oyuncularinda alt ekstremite
izokinetik kuvvet parametreleri ile su ici dikey sigrama yiiksekligi arasindaki korelasyonu ve nedensellik
iligkilerini inceleyerek performans optimizasyonu igin yeni antrenman stratejilerine destek olmay1
hedeflemektedir.

YONTEM
Arastirmanin Amaci ve Modeli

Bu calisma, profesyonel erkek su topu oyuncularinda diz fleksiyon, diz ekstansiyon, kalca addiiksiyon ve
abdiiksiyon kuvveti ile su i¢i dikey sigrama yiiksekligi arasindaki iligkinin incelenmesi amaciyla iliskisel
(korelasyonel) tarama modeli kullanilarak arastirilmistir.

Arastirmanin Yeri ve Zamani

Calisma, Hali¢ Universitesi Spor Bilimleri Fakiiltesi Hareket ve Antrenman Bilimleri Laboratuvari ile Enka
Spor Kuliibii’'ne ait olimpik su topu havuzunda gerceklestirilmistir. Laboratuvar ortaminda antropometrik ve
izokinetik kuvvet 6l¢timleri yapilmis, su i¢i sigrama performansina iligkin saha dlglimleri ise havuz ortaminda
tamamlanmustir. Olgiimler Mart 2026 tarihleri icinde yapilmustir.

Arastirma Grubu

Aragtirmanin evreni, Istanbul Bolgesi profesyonel su topu sporcularidir. Orneklem grubunu Enka Spor
Kuliibii’nde lisansli olarak profesyonel diizeyde su topu oynayan erkek sporcular olusturmaktadir. Orneklem,
kuliibiin A takim kadro yapist ile sinirli olup, 16 sporcu olarak planlanmistir. Calismaya dahil edilme kriterleri;
profesyonel diizeyde aktif olarak su topu oynamak, testler sirasinda performansi etkileyebilecek akut sakatlik
veya saglik sorunu bulunmamasi ve goniillii katilim gdstermektir. Orneklem biiyiikliigiiniin belirlenmesi
amaciyla G*Power 3.1 programu ile a priori gii¢ analizi yapilmistir. Calismanin ana amaci alt ekstremite kuvvet
parametreleri ile su i¢i sigrama performansi arasindaki iligkinin incelenmesi oldugundan, analiz i¢in “Exact”
test ailesi altinda “Correlation: Bivariate normal model” tercih edilmistir. Iki yonlii test yaklasimi esas alinmus,
anlamlilik diizeyi a.= 0.05 ve test giicti (1-B) = 0.80 olarak belirlenmistir. Orta diizey etki biiyiikligii (r = 0.50)
temel alindiginda gerekli minimum Orneklem biyiikliigiiniin 30 sporcu oldugu hesaplanmistir. Ancak
caligmanin orneklemi, iist diizey yetiskin erkek su topu sporcular1 gibi erigimi sinirli 6zel bir performans
grubundan olustugu i¢in, planlanan 6rneklem biiyiikliigiine ulagsmak miimkiin olmamustir. Sezon sirasinda ve
Ol¢timler arasinda yasanan sakatliklardan dolayi, dl¢timler n=12 sporcuyla tamamlanabilmistir. Katilimcilara
calisma hakkinda ayrintil bilgi verilmis ve goniilliikk onaylar1 alinmigtir.
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Antropometrik Olciimler

Katilimcilarin viicut agirligr 6letimii, katilimcilar ¢iplak ayakli, mayolu, hareketsiz ve bir yerden destek
almadan dik pozisyonda iken yapilmistir. Boy 6l¢timii ise bas dik, gozler karsiya bakar ve ayak topuklart bitisik
bigimde Gaia 359 Plus Body Composition Analyzer (Jawon Medical Co., Ltd., South Korea) kullanilarak
gerceklestirilmistir.

Su i¢i sigrama yiiksekliginin antropometrik etkilerden miimkiin oldugunca arindirilabilmesi amaciyla kulag
uzunlugu uluslararasi antropometrik 6l¢iim standartlarina uygun bi¢imde, metal mezura kullanilarak, kollarin
omuz hizasinda yana tam olarak acilmasiyla her iki elin orta parmak uglar1 (dactylion noktalar1) arasindaki
mesafe ol¢iilmiistiir (Popovi¢ vd., 2013)

Alt Ekstremite izokinetik Kuvvet Ol¢iimleri

Katilimcilarin alt ekstremite kuvvet dl¢timleri Biodex System 4 Pro (Shirley, New York, ABD) izokinetik
dinamometre kullanilarak gergeklestirilmistir. Diz fleksiyon ve ekstansiyon ol¢limleri sirasinda katilimcilar
Biodex koltuguna oturur pozisyonda, sirt acist 85° olacak sekilde yerlestirilmistir. Test edilen ekstremitenin
izole edilebilmesi amaciyla omuz, kalga ve uyluk bolgeleri kayislarla stabilize edilmistir. Diz eklemine ait
lateral femoral kondil, dinamometrenin mekanik donme ekseni ile hizalanmistir. Katilimcilardan her iki
yandaki tutacaklar1 kavramalar1 istenmistir. Anatomik sifir noktasi dizin 90° fleksiyon pozisyonu olarak kabul
edilmis, tam ekstansiyon ise hareketin son noktasi olarak belirlenmistir.

Diz fleksiyon-ekstansiyon testleri vertikal diizlemde gergeklestirildiginden, yergekiminin olusturabilecegi
hatay1 azaltmak amaciyla iiretici firmanin onerileri dogrultusunda diz ekstansiyonunun 30°’sinde yer¢ekimi
diizeltmesi (gravity correction) iglemi uygulanmustir.

Kalga abdiiksiyon ve addiiksiyon Ol¢iimleri sirasinda katilimcilar Biodex cihazina yan yatar pozisyonda, test
edilecek ekstremite listte kalacak sekilde yerlestirilmistir. Test edilen ekstremitenin izole edilebilmesi ve
kompansatuvar hareketlerin azaltilabilmesi amaciyla altta kalan alt ekstremite fleksiyon pozisyonunda
tutulmus, pelvis ise altta bulunan bacagin uyluk bolgesi tizerinden kayis ile stabilize edilmistir. Kal¢a eklemine
ait mekanik donme ekseni, dinamometrenin ekseni ile hizalanmis ve cihaz kolu iiretici firmanin 6nerileri
dogrultusunda test edilen ekstremiteye sabitlenmistir. Kalga abdiiksiyon-addiiksiyon testleri frontal diizlemde
gergeklestirildiginden, yergekiminin dlglim tizerindeki etkisini azaltmak amaciyla yer¢ekimi diizeltmesi islemi
uygulanmigtir (van Tittelboom vd., 2022; Baltzopoulos & Brodie, 1989).

Calismada diz fleksor ve ekstansor, kalca abdiiktor ve addiiktor kas gruplarinin maksimal kuvvet profiline
odaklanilmistir. Bu nedenle, kasin maksimal tork iiretim kapasitesini daha belirgin bigimde ortaya koymasi ve
maksimal kuvvet degerlendirmek adina ol¢limlerde konsantrik-konsantrik modda 60°/sn agisal hiz tercih
edilmistir (Dvir, 2004; Perrine & Edgerton, 1978). Katilimcilara testlere baglamadan 6nce, her katilimciya
standardize edilmis dinamik 1sinma protokolii uygulanmistir. Her katilimer kondisyon bisikleti {izerinde 5
dakikalik 1sinma siirlisii gergeklestirmistir. Sporcular siiriigleri 150-200 rpm arasinda doniis hizi ile
tamamlamislardir. 2 dakikalik dinlenme periyodundan sonra, sporcular 25 tekrar viicut agirligiyla iki bacakl
squat hareketini 90° diz agisina inerek tamamlamislardir. 30 saniyelik dinlenme verildikten sonra sporculardan
20 adet lateral lunge yapmalar1 istenmistir. Lateral lunge hareketini uygularken de sporculardan miimkiin
oldukga 90° diz agisina inmeleri istenmistir. Sporculardan 25 tekrar ayakta diz fleksiyon, ayakta diz kalga
hizasia kaldirilmis sekilde 25 tekrar diz ekstansiyonu ve son olarak 90° diz agisina inerek 12 tekrar squat
jump hareketi yapmuslardir. Her testten dnce katilimcilara cihaza aligmalart amaciyla 3 tekrar submaksimal
deneme tekrarlar1 yaptirilmis, test sirasinda tiim katilimcilara tutarli ve motive edici sdzel komutlar verilmistir
(Osterning, 1986; Wilk vd., 1991). Sporcularin dominant bacak tercihlerine gore ilk olarak dominant taraf test
edilmistir. Izokinetik dl¢iimlerden dominant ve nondominant taraf icin tepe tork (Nm), viicut kiitlesine gore
normalize edilmis relatif tork (Nm/kg), ortalama gi¢ (W), hamstring/quadriceps orami (H/Q) ve
abdiiksiyon/addiiksiyon (ABD/ADD) ilgili karsit kas gruplar1 arasindaki oranlar kaydedilmistir (Sahin, 2010).

Su i¢i Sigrama Yiiksekligi

Katilimcilarin su i¢i sigrama yiiksekligi (PSS) Platanou (2005) tarafindan tanimlanan saha protokoliine gore
degerlendirilmistir. Bu amagla, havuz kenarina santimetre 6l¢ekli dikey bir diizenek yerlestirilmis ve diizenek
su ylizeyinden 100 cm yukarida konumlandirilmistir. Sigrama diizeneginin yiiksekligi kontrol etmek amaciyla
her katilimci teste baglamadan metal mezura yardimiyla tekrardan 6l¢iilmiistiir. Katilimeilar su topuna 6zgii
hazir pozisyonda; akromion seviyeleri suya batmis durumda, diizenelten 1 dirsek boyu uzakta kollar ve ayaklar
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dongiisel “tutma” pozisyonunda konumlanmustir. Sporculardan dominant elleri ile miimkiin olan en yiiksek
noktaya dokunacak sekilde maksimal sigrama gerceklestirmeleri istenmistir. Her katilimcrya {ic deneme hakki
verilmis, denemeler arasindaki yiikseklik farki +£%10°dan fazla oldugunda ek bir deneme uygulanmistir.
Denemeler arasinda katilimcilara 1 dakikalik dinlenme siiresi verilmistir. Analizlerde en yiiksek deneme
kullanilmistir. Denemeler 240 Hz kayit kapasitesine sahip mobil cihaz ve My Jump Lab 3 uygulamasi
yardimiyla goriintiilenmis, goriintiiler dondurularak iki gozlemci tarafindan degerlendirilmistir.
Degerlendiriciler aras1 uyum katsayisim belirlemek amaciyla Intraclass Correlation Coefficient (ICC) analizi
uygulanmistir. Elde edilen sonugclar, iki degerlendirici arasinda ¢ok yiiksek diizeyde uyum bulundugunu
gostermistir (ICC=0.998). Bulunan deger, ol¢iimlerin degerlendiriciler arasinda olduk¢a tutarli oldugunu
belirtmektedir. Sicrama yiiksekligi, su seviyesi ile sporcunun ulastig1 en iist temas noktasi arasindaki mesafeye
dayal1 olarak 6l¢iilmiis; daha sonra antropometrik etkinin azaltilmasi amaciyla elde edilen degerden kulac
uzunlugunun yaris1 ¢ikarilmistir. Bu yaklasim, sporcunun yalnizca erisim uzunlugunu degil, su disina
yiikselme performansimi daha iyi temsil eden diizeltilmis bir sicrama yliksekligi degeri saglamay1
amagclamaktadir (Platanou, 2005).

Sicrama Yiiksekligi = Sigrama Temas Yiikselligi — (Kulag Uzunlugu / 2)
Olgiim Sirasi ve Standardizasyon

Tiim katilimeilar iki ayr1 6lgiim giinii standart bir test akisina alinmistir. ilk olarak antropometrik dlgiimler,
ardindan izokinetik kuvvet dl¢limleri yapilmistir. Su i¢i sigrama testleri ise ikinci dl¢lim giiniinde havuz
ortaminda tamamlanmistir. Su i¢i sigrama Ol¢iimleri sirasinda tiim katilimcilar ayni havuz ortaminda, ayni
baslangi¢ pozisyonunda, ayn1 6l¢iim diizenegi ve ayni cihaz yerlesimi ile test edilmistir. Boylece ¢evresel ve
prosediirel degiskenligin azaltilmasi amaglanmigtir. Her katilimciya denemeler Oncesinde test prosediirii
aciklanmis ve yeterli hazirlik siiresi verilmistir.

Birinci Ol¢iim Giinii: Antropometrik dlciimler ve izokinetik kuvvet dl¢iimleri
Ikinci Olgiim Giinii: Su ici sigrama testleri
Veri Analizi

Elde edilen verilerin analizi SPSS 24.0 programi kullanilarak gerceklestirilmistir. Tiim degiskenlerin dagilim
ozellikleri Shapiro-Wilk testi ile degerlendirilmistir. Dominant ve non-dominant alt ekstremite kuvvet
parametreleri ile Platanou (2005) protokoliine gore elde edilen su i¢i sigrama yiiksekligi (PSS) arasindaki
iligkiler Pearson korelasyon analizi ile incelenmis; dagilim 6zellikleri normal olmayan parametreler icin
Spearman korelasyon analizi ile de desteklenmistir. Pearson korelasyon analizinde anlamli bulunan
degiskenler i¢in dogrusal regresyon analizi uygulanmis ve bu degiskenlerin su i¢i sigrama performansini
yordama giicii degerlendirilmistir. Istatistiksel anlamlilik diizeyi p<0.05 olarak kabul edilmistir.

BULGULAR
Katihmcilara Ait Tamimlayic1 Bulgular

Aragtirmaya ait son veri setine toplam 12 erkek su topu sporcusu dahil edilmistir. Katilimcilarin yas, spor yasi,
boy, viicut agirligi, beden kiitle indeksi ve performans degiskenlerine iligskin tanimlayici istatistikler Tablo 1°de
sunulmustur. Sporcularin manuel &lgiilen su ig¢i sigrama yiiksekligi ortalamasi 55.17 £ 6.12 cm olarak
belirlenmistir. Katilimeilarin yas ortalamasi 26.67 + 3.89 yil, spor yasi ortalamasi 17.50 + 4.42 yil, viicut
agirligi ortalamast 91.31 & 13.98 kg, boy ortalamasi 184.83 £+ 5.86 cm ve kol agiklig1 194 + 7.38 bulunmustur.

Tablo 1. Katilimcilari Tanimlayict Ozellikleri ve Temel Performans Degiskenleri

Degisken Ort+SS Medyan Min-Maks
Yas (y1l) 26.67 +3.89 27.00 20.0-33.0
Spor yas1 (y1l) 17.50 £4.42 17.00 12.0-25.0
Viicut agirhg (kg) 91.31 +13.98 88.70 74.8-121.0
Boy (cm) 184.83 +5.86 184.50 177.0-195.0
Kol aciklig1 (cm) 194 +£7.38 192.50 187.0-213.0
PSS (cm) 55.17+6.12 53.00 48.5-72.0

PSS: Platanou Su I¢i Sigrama Yiiksekligi
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Degiskenlerin dagilim 6zellikleri Shapiro—Wilk testi ile incelenmistir. Sigrama yiiksekligi degiskeninin normal
dagilim gostermedigi belirlenmistir (W = 0.796, p = 0.008). Buna karsilik olarak, bazi siirekli degiskenlerde
normallik varsayimi daha kabul edilebilir diizeyde bulunmustur. Bu nedenle iliskisel analizlerde yalmzca
parametrik testlere bagli kalinmamistir. Pearson korelasyon katsayisina ek olarak Spearman sira korelasyonu
da raporlanmistir. Dominant ve non-dominant taraflara ait eslesmis karsilastirmalarda ise fark puanlarinin
dagilimina gore Paired t-test veya Wilcoxon signed-rank testi tercih edilmistir.

Platanou Su i¢i Sigrama Yiiksekligi (PSS) ile cesitli performans ve izokinetik kuvvet degiskenleri arasindaki
iligkiler Pearson ve Spearman korelasyon analizleri Tablo 2’de sunulmustur.

Tablo 2. Sicrama Yiiksekligi ile Anlamli liski Gosteren Baslica Degiskenler

Degisken Pearson r p Spearman rho P
NDKABOG (W) 0.678 0.015 0.241 0.451
NDDERT (Nm/kg) 0.667 0.018 0.670 0.017
NDKABRT (Nm/kg) 0.605 0.037 0.365 0.243
NDDFRT (Nm/kg) 0.559 0.059 0.712 0.009
NDDFOG (W) 0.507 0.093 0.642 0.024
NDDEOG (W) 0.450 0.143 0.635 0.026

NDKABOG: Non-Dominant Kal¢a Abdiiksiyon Ortalama Gii¢ (W); NDDERT: Non-Dominant Diz Ekstansiyon Retatif Tork (Nm/kg);
NDKABRT: Non-Dominant Kalga Abdiiksiyon Relatif Tork (Nm/kg); NDDFRT: Non-Dominant Diz Fleksiyon Relatif Tork (Nm/kg);
NDDFOG: Non-Dominant Diz Fleksiyon Ortalama Gii¢ (W); NDDEOG: Non-Dominant Diz Ekstansiyon Ortalama Gii¢ (W)

Analiz sonuglari, sigrama yiiksekliginin 6zellikle non-dominant tarafin alt ekstremiteye ait relatif tork ve giic
degiskenleri ile daha belirgin bir pozitif iliski géstermistir.

Pearson korelasyon analizine gore, sigrama yliksekligi ile Non-Dominant Kal¢ca Addiiksiyon Ortalama Giicii
(NDKABOG, W) arasinda anlamli ve pozitif yonlii iligki bulunmustur (r = 0.678, p = 0.015). Benzer sekilde,
Non-Dominant Diz Ekstansiyon Relatif Torku (NDDERT, Nm/kg) ile de anlamli diizeyde pozitif iligki
saptanmistir (r = 0.667, p = 0.018). Pearson analizi sonuglar1 Sekil 1°de sunulmustur.

Spearman korelasyon analizinde ise, Non-Dominant Diz Fleksiyon Relatif Tork (Nm) ile sigrama yiiksekligi
arasinda giiclii pozitif iliski bulunmustur (rho = 0.712, p = 0.009). Bunun yaninda NDDERT (rho = 0.670, p =
0.017), Non-Dominant Diz Fleksiyon Ortalama Gii¢ (NDDFOG, W) (rho = 0.642, p = 0.024) ve Non-
Dominant Diz Ekstansiyon Ortalama Gii¢ (NDDEOG, W) (tho = 0.635, p = 0.026) ile de anlamli pozitif
iligkiler saptanmistir. Spearman analizi sonuglar1 Sekil 2'de gésterilmistir.

Buna karsilik olarak, yas, spor yas1 ve beden kiitle indeksi degiskenleri ile Sigrama Yiiksekligi arasinda negatif
yonli egilimler gbzlenmis, ancak bu iligkiler istatistiksel anlamlilik diizeyine ulasmamustir (p > 0.05). Ayrica
H/Q oranlar1 ile ABD/ADD oranlar1 sigrama yliksekligi ile anlamli iliski gostermemistir.

Non-Dominant Kal¢a Abdiiksiyon Ortalama Gii¢ (W) 4 A

Non-Dominant Diz Ekstansiyon Relatif Tork (Nm) 4 A

Tepe Dikey Giig (W) A

Non-Dominant Kalga Abdiiksiyon Relatif Tork (Nm)

Non-Dominant Diz Fleksiyon Relatif Tork (Nm)

Dominant Diz Ekstansiyon Relatif Tork (Nm)

N\
ggg

Non-Dominant Kalga Addiksiyon Relatif Tork (Nm)

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7
Pearson r

Sekil 1. Su I¢i Sigrama Pearson Korelasyonlari
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Non-Dominant Diz Fleksiyon Relatif Tork (Nm) -

Non-Dominant Diz Ekstansiyon Relatif Tork (Nm)

Non-Dominant Diz Fleksiyon Ortalama Giig (W) 1

Non-Dominant Diz Ekstansiyon Ortalama Gili¢ (W)

Dominant Diz Ekstansiyon Relatif Tork (Nm) -

Non-Dominant Diz Fleksiyon Tepe Tork (Nm) -

Non-Dominant Kalga Addiiksiyon Relatif Tork (Nm)

T T T T T T T
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7
Spearman rho

Sekil 2. Su I¢i Sigrama Spearman Korelasyonlar

Dominant ve non-dominant ekstremitelere ait izokinetik degiskenler eslesmis olarak karsilastirilmistir.
Normallik durumuna gore uygun parametrik veya parametrik olmayan testler kullanilmigtir. Dominant ve non-
dominant taraf karsilastirmalar1 Tablo 3’te sunulmustur.

Dominant Diz Fleksiyon Tepe Tork (DDFTT, Nm) degeri, non-dominant tarafa gére anlamli diizeyde daha
yiiksek bulunmustur (Wilcoxon, p = 0.021). Benzer sekilde Dominant Diz Fleksiyon Relatif Tork (DDFRT,
Nm/kg) degeri de non-dominant tarafa gore anlamli olarak daha yiiksek saptanmistir (Wilcoxon, p = 0.021).
Dominant Diz Fleksiyon Ortalama Gii¢ (DDFOG, W) dominant taraf lehine bir egilim gozlenmis ancak bu
fark anlamlilik diizeyine ulagsmamistir (paired t-test, p = 0.062). Buna karsilik diz ekstansiyonu, kalga
abdiiksiyonu ve kal¢a addiiksiyonuna ait tepe tork, relatif tork ve ortalama gii¢ degiskenlerinde dominant ve
non-dominant taraflar arasinda anlamli fark saptanmamustir (p > 0.05).

Tablo 3. Dominant ve Non-Dominant Taraf Karsilastirmalari

Degisken Dominant Non-dominant Ort. Test P
Ort. + SS +SS

Diz Fleksiyon Tepe Tork (Nm) 164.29 + 35.72 147.27 +21.13 Wilcoxon 0.021
Diz Fleksiyon Relatif Tork (Nm) 1.83+£0.39 1.64+£0.22 Wilcoxon 0.021
Diz Fleksiyon Ortalama Gii¢ (W) 103.27 £ 15.36 95.90 +£20.36 Paired t-test 0.062
Diz Ekstansiyon Tepe Tork (Nm) 273.37+£39.77 273.46 +39.80 Paired t-test 0.982
Diz Ekstansiyon Relatif Tork (Nm) 3.02+0.44 3.03+0.44 Paired t-test 0.958
Diz Ekstansiyon Ortalama Gii¢ (W) 179.43 £25.78 176.68 +32.31 Paired t-test 0.667
Kalc¢a Abdiiksiyon Tepe Tork (Nm) 167.74 £26.62 166.47 +30.95 Paired t-test 0.899
Kalca Addiiksiyon Tepe Tork (Nm) 161.37 £45.94 169.35 +36.74 Paired t-test 0.409
Kalca Abdiiksiyon Relatif Tork (Nm) 1.87+0.39 1.85+0.41 Paired t-test 0.862
Kalca Addiiksiyon Relatif Tork (Nm) 1.80 £ 0.46 1.87+£0.40 Paired t-test 0.456
Kal¢a Abdiiksiyon Ortalama Gii¢ (W) 95.32+12.49 92.94 +16.38 Paired t-test 0.674
Kalc¢a Addiiksiyon Ortalama Gii¢ (W) 88.91 £ 25.87 94.46 = 19.68 Paired t-test 0.300

PSS’yi en iyi agiklayan degiskenleri belirlemek amaciyla dogrusal regresyon analizleri uygulanmistir. Tek
degiskenli modeller icinde en yiiksek aciklayicilifa non-dominant kalga abdiiksiyon ortalama giicii sahip
olmustur. Bu modelde agiklanan varyans orant R? = 0.459 olup anlamli bulunmustur (p = 0.015). PSS’yi
aciklayan tek degiskenli regresyon modelleri Tablo 4’de gosterilmistir.

Tablo 4. PSS’yi Aciklayan Baslica Tek Degiskenli Regresyon Modelleri

Degisken R? Diizeltilmis R* p
NDKABOG (W) 0.459 0.405 0.015
NDDERT (Nm/kg) 0.445 0.390 0.018
NDKABRT (Nm/kg) 0.367 0.303 0.037

NDKABOG: Non-Dominant Kalga Abdiiksiyon Ortalama Gii¢ (W); NDDERT: Non-Dominant Diz Ekstansiyon Retatif Tork (Nm/kg);
NDKABRT: Non-Dominant Kal¢a Abdiiksiyon Relatif Tork (Nm/kg); PSS: Platanou Su i¢i Sicrama Yiiksekligi
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Sekil 3. PSS ve NDKABOG Regresyon Analizi
PSS: Platanou Su i¢i Sigrama; NDKABOG: Non-Dominant Kalca Abdiiksiyon Ortalama Giig (W)

PSS ile NDKABOG degeri arasinda pozitif yonlii iligki Sekil 3’de goriilmektedir.
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Sekil 4. PSS NDDERT Regresyon Analizi
PSS: Platanou Su i¢i Sigrama; NDDERT: Non-Dominant Diz Ekstansiyon Retatif Tork (Nm/kg)
PSS ile NDDERT arasinda pozitif dogrusal egilim Sekil 4’de gosterilmistir.
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Sekil 5. PSS ve NDKABRT Regresyon Analizi
PSS: Platanou Su i¢i Sigrama; NDKANOG: Non-Dominant Kalga Abdiiksiyon Relatif Tork (Nm/kg)
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PSS ile NDKABRT arasinda pozitif yonli bir iliski Sekil 5’te gosterilmistir. Relatif tork arttikca manuel
sigrama yiiksekliginin de genel olarak artma egiliminde oldugu goriilmektedir.

TARTISMA

Bu calismanin amaci, iist diizey yetiskin erkek su topu sporcularinda diz fleksiyon, diz ekstansiyon, kalca
addiiksiyon ve abdiiksiyon kuvvetinin su i¢i sigrama performansi ile iligkisini incelemektir. Bulgular birlikte
degerlendirildiginde, su i¢i sigrama yiiksekliginin ozellikle alt ekstremiteye ait relatif kuvvet ve giic
degiskenleriyle iligkili oldugu (r = 0.605-0.678, p = 0.015-0.037), buna karsin oran temelli degiskenlerin ayn1
aciklayiciligi gostermedigi goriilmiistiir. One ¢ikan sonuglar, iliskilerin ¢ogunlukla non-dominant tarafta
belirginlesmesi ve su i¢i sigrama performansinin yalnizca ulasilan yiikseklikten degil, bu yiikseklige hangi
mekanik yolla ulasildigindan da etkilenmesidir.

Ozer (2021), 25 m sprint yiizme performansinda diz ¢evresi izokinetik degerlerin belirleyiciliginin sinirlt
kaldigini bildirmistir. Buna karsilik mevcut ¢alismada benzer kuvvet parametrelerinin su i¢i dikey sigrama ile
daha yakin iligki gostermesi, kuvvetin su topunda tiim performans c¢iktilart i¢in ayni Slgiide belirleyici
olmadigini, 6zellikle yukar1 yonlii itisin 6n planda oldugu dikey hareketlerde daha ayirt edici hale geldigini
diisiindiirmektedir. Bu durum, alt ekstremite kuvveti ile yatay ylizme performansi arasindaki iliskinin neden
daha sinirli bulunabildigini agiklamaya yardimci olmaktadir. Karada yapilan sigramalar ise, daha 6nce yapilan
caligmalar tarafindan, su ici sigrama ile diisiik iligkili bulunmustur. Platanou (2005), elit erkek su topu
oyuncularinda su igi sigrama yliksekligini 68.3 + 5.5 cm, kara sigrama yiiksekligini ise 49.6 = 4.6 cm olarak
bildirmis ve iki test arasindaki iligskinin diisiik diizeyde kaldigin1 géstermistir (r = 0.25, p > 0.05). Bu durum,
ozellikle su icinde dikey hareket kabiliyetinin artirillmasina yonelik antrenman protokollerinin, karada
uygulanan kuvvet antrenmanlarindan farkli dinamikler icermesi gerektigini vurgulamaktadir.

Caligmada Platanou (2005) yontemi ile belirlenen su i¢i sigrama yiiksekligi ortalamasinin literatiirde tist diizey
erkek oyuncular i¢in bildirilen degerlerin altinda kalmasi (68.3+4.6cm), ilk bakista yalnizca kuvvet
yetersizligiyle agiklanabilecek bir durum degildir. Platanou’ya (2005) goére su i¢i sigrama performansi,
karadaki sicramaya kiyasla ¢ok daha karmagik bir mekanik yapiya sahiptir. Makas teknigine iligskin
biyomekanik ¢alismalar, su i¢i sigrama performansinin; kalca fleksiyonu ve abdiiksiyonu, diz fleksiyon-
ekstansiyon hizi, ayak hizi ve ayagin suya gore yonelimi gibi ¢cok sayida kinematik ve hidrodinamik degiskenin
etkilesimiyle belirlendigini gostermektedir (Sanders, 2002; Oliveira vd., 2015). Bu nedenle mevcut ¢alismada
gbzlenen gorece diisiik PSS degeri, yalnizca kuvvet diizeyi iizerinden degil; teknik uygulama, koordinasyon
kalitesi, bireysel hareket stratejileri ve sezon ig¢i yorgunluk gibi faktorler géz oniinde bulundurularak
degerlendirilmelidir. Bagka bir deyisle, benzer kas kuvveti profiline sahip sporcularin su i¢inde farkli teknik
organizasyonlar nedeniyle farkli sigrama yiiksekliklerine ulagabilmesi beklenebilir.

Kuvvet parametreleri ayrintili incelendiginde, diz fleksiyon ve ekstansiyonuna ait relatif degiskenlerin su i¢i
sigrama yiiksekligi ile daha tutarli iliskiler verdigi goriilmiistiir. Ozellikle non-dominant diz fleksiyon relatif
torku, non-dominant diz fleksiyon ortalama giicii, non-dominant diz ekstansiyon relatif torku ve non-dominant
diz ekstansiyon ortalama giicii igin orta ile orta-yiiksek diizey arasinda degisen pozitif iliskiler saptanmugtir.
Dominant tarafta da benzer yonlii egilimler bulunmakla birlikte bu durum non-dominant tarafta daha
belirgindir. Bu bulgular, su i¢i yiikselme sirasinda yalnizca mutlak kuvvetin degil, viicut kiitlesine gore {iretilen
kuvvetin ve bu kuvvetin kisa siirede siirdiiriilebilir bicimde ortaya konulmasinin performans acisindan daha
anlamli olabilecegini diisiindiirmektedir. Non-dominant bacaklarindan daha yiiksek verim alabilen sporcularin,
su ici sigrayis hareketinde daha basarili olabildikleri de bu nedenle anlamli bulunmaktadir. Altan ve Odabag
(2025) da alt ekstremitelerin yalnizca izokinetik kuvvet performansi agisindan degil, su igindeki hareket
verimliligi ile iligkili bicimde de ele alinmasi gerektigini vurgulamaktadir.

Diz ekstansiyonuna iliskin bulgular, su i¢i sigramanin itis fazi agisindan 6nem tagimaktadir. Makas tekniginde
diz ekstansorleri, ayagin su igerisindeki hizinin olusturulmasina ve etkili itis kuvveti tiretimine dnemli katki
saglamaktadir. Bu mekanik 6zellik, gévdenin dikey dogrultuda yiikseltilmesini destekleyen temel unsurlardan
biri olarak degerlendirilebilir (Sanders, 2002; Oliveira et al., 2010). Diz fleksorleri ise hareket dongiisiiniin
yeniden hazirlanmasi, ritmin korunmasi ve kuvvet aktariminin siirekliligi agisindan katki sagladigi sonucuna
varilmasi mantiklidir. Gobbi vd. (2013), su i¢i sigrama performansinin yalnizca ulasilan yiikseklikten ibaret
olmadigmi, hiz, glic ve hareketin zamansal organizasyonu gibi bilesenlerle birlikte degerlendirilmesi
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gerektigini gostermistir. Elit su topu oyuncularinin orta diizey oyunculara kiyasla daha yiiksek maksimal
sigrama yiiksekligi, daha yiiksek hiz ve daha yiiksek gii¢ irettikleri, ayrica ¢ikis fazi1 daha kisa siirede
tamamladiklar1 belirtilmistir (Gobbi vd., 2013). Arastirmacilar ayrica elit sporcularda sigrama siirelerindeki
degiskenligin daha diisiik oldugunu ve bunun daha iyi koordinasyon ile daha tutarl bir hareket yapisina igaret
ettigini vurgulamistir (Istkdemir vd., 2020). Bu nedenle fleksiyon ve ekstansiyon degiskenlerinin birlikte 6ne
¢ikmasi, su i¢i sigrama performansinin tek bir kas grubundan ¢ok, dongiisel ve koordineli bir alt ekstremite
iiretimine dayandigimi géstermektedir (Matsuura vd. 2020) Bu durum, isokinetik diz fleksiyon ve ekstansiyon
kuvvetlerinin alt ekstremite koordinasyonunun ve genel performansin bir gostergesi oldugunu
desteklemektedir (Soyal vd. 2023; Ozer, 2021). Bu baglamda, diz fleksiyon ve ekstansiyon kas gruplarinin
optimal koordinasyonu ve kuvvet dengesi, su sporlari performansini artirma ve sakatlik riskini minimize etme
stratejileri icin temel bir 6neme sahiptir. Su i¢i antrenman programlari, 6zellikle diz ekstansiyonu ve fleksiyonu
iizerindeki etkileriyle kas giiciinii artirarak vertikal sigrama yetenegini ve ndromiiskiiler ¢iktiyr onemli dl¢iide
iyilestirebilmektedir (Baltean vd., 2025; Caglayan vd., 2018).

Bu ¢alismada, kalga ¢evresi kaslarinin kuvvet parametreleri degerlendirildiginde, 6zellikle non-dominant kalga
abdiiksiyon ortalama giicii ve relatif torkunun su i¢i sigrama yiiksekligi ile anlamli iligski gostermesi dikkat
cekmektedir (R* = 0.445, p = 0.018). Oliveira ve Sanders (2015), su i¢inde iiretilen dikey kuvvet ile kalca
hareket Oriintiisii arasindaki iliskinin 6nemini vurgulamis, alt ekstremite segmentlerinin su i¢indeki kinematik
organizasyonunun performansi etkileyebilecegini gdstermistir. Mevcut bulgular da kalga ¢evresi kaslarinin
yalnizca hareket agikligini saglayan yapilar degil, ayn1 zamanda makas tekniginin siirekliligi, pelvis kontrolii
ve itis yoOniiniin korunmasi agisindan iglevsel rol oynadigmi diisiindiirmektedir. Bu baglamda, kalga
abdiktorlerinin giicli ve dayanikliligi, su i¢i sigrama performansinin optimize edilmesi i¢in 6nemli bir faktor
olarak 6ne ¢ikmaktadir (Sanders, 1999; Sanders, 2002). Farki akuatik disiplinlerde yapilan ¢aligmalar da kalga
izokinetik kuvvet Olgiimlerinin, su i¢i performansi belirlemede 6nemli bir indikator oldugu belirtmistir
(Matsuda vd., 2021; Martinez vd., 2022; West vd., 2022). Buna karsilik, ¢alismamizda bulunan H:Q orani ile
abdiiksiyon/addiiksiyon oranlarmin sigrama yiiksekligiyle belirgin iliski gostermemesi, elit diizeyde su i¢i
sigrama performansinin oran degiskenlerinden ¢ok, dogrudan kuvvet ve gii¢ liretim kapasitesiyle iliskili
olabilecegine isaret etmektedir.

Calismamizda, dominant ve non-dominant taraf karsilastirmalarinda anlamh farkin yalnizca diz fleksiyon
parametrelerinde goriilmesi dikkat ¢ekicidir. Dominant tarafta diz fleksiyon tepe torku ve relatif torkun non-
dominant tarafa gore yaklasik %11-12 daha yiiksek olmasi, ortalama giigte ise yaklasik %8’lik bir istiinliik
egiliminin bulunmasi, makas hareketinin goriiniirde simetrik olmasina karsin islevsel olarak tam simetrik
gerceklesmeyebilecegini diisiindiirmektedir. Su topunda dominant el kullanimina bagli gévde rotasyonlari,
teknik aligkanliklar ve bireysel koordinasyon stratejileri, iki alt ekstremitenin ayni hareket i¢inde farkli iglevsel
gorevler listlenmesine neden olabilir. Nitekim, Oliveira ve Sanders (2015) da makas tekniginde dominant ve
non-dominant alt ekstremiteler arasinda hareket paterni ve kuvvet iiretimine katki bakimindan islevsel
farkliliklar bildirildiginden, bu iki tarafin yalnizca mutlak kuvvet diizeyleri lizerinden degil, gérev dagilimi ve
teknik kullanim 6zellikleri agisindan da degerlendirilmesi gerektigini bildirmektedir. Bu nedenle, dominant ve
non-dominant taraflar arasindaki farklarin yalnizca kuvvet biiytikliigii olarak degil, hareket dongiisii i¢cindeki
gorev paylasimi acisindan degerlendirilmesi daha uygun goriinmektedir. Bu baglamda, izokinetik
dinamometrelerle yapilan testlerde dominant ve nondominant bacaklar arasindaki kuvvet degerlerinin
literatiirle paralellik gostermesi, 6zellikle sakatlik dncesi olglimlerde belirgin kuvvet farkliliklarin tespit
edilmesinin 6nemini ortaya koymaktadir (Yapici vd., 2016). Perrin vd. (1987) de, bilateral kuvvet
asimetrilerinin spor performansinin yani sira, sakatlik riskleri agisindan da kritik gostergeler olabilecegini ve
sporcularin bireysel antrenman programlarinin bu farkliliklart dikkate alarak tasarlanmasi gerektigini
belirtmistir. Bu durum, ozellikle yiiziiciilerde goriilen bilateral asimetrilerin sadece performansla iligkili
olmadigini, ayn1 zamanda kas-iskelet sistemi iizerindeki potansiyel riskleri de yansitabilecegini gostermektedir
(Morais vd., 2020).

Bu ¢alismanin bazi simirliliklart goz oniinde bulundurulmalidir. Oncelikle 6rneklem sayisinin 12 sporcu ile
stirlt olmast ve ¢alismanin yalnizea elit erkek su topu sporcularn iizerinde yiiriitiilmiis olmasi, bulgularin
genellenebilirligini sinirlandirmaktadir. Ayrica, izokinetik testlerin tek acisal hizda uygulanmis olmasi ve su
i¢i performansin teknik bilesenlerden giiglii bicimde etkilenmesi de sonuglarin yorumunda dikkate alinmalidir.
Istatistiki analizler birlikte degerlendirildiginde, Pearson ve Spearman ydntemlerinin baz1 degiskenlerde farkli
sonuglar ortaya koymasi, iliskilerin kii¢iik 6rmeklem yapisindan ve bazi bireysel performans degerlerinden
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etkilenmis olabilecegini diisiindiirmektedir. Bu nedenle elde edilen korelasyon katsayilarinin, 6zellikle bireysel
farkliliklar ve dogrusal olmayan iligki olasiliklar1 g6z 6niinde bulundurulmalidir.

Sonug¢

Sonug olarak bu ¢alisma, iist diizey yetiskin erkek su topu sporcularinda su i¢i sigrama performansinin 6zellikle
diz fleksiyon-ekstansiyonu ve non-dominant kalga abdiiksiyonu gibi relatif kuvvet ve giic Ozellikleriyle
anlaml iliskili oldugunu gdstermistir (Oliveira vd., 2015; Ozer, 2021). Bulgular, su ici sigrama yiiksekliginin
ozellikle alt ekstremite kiitlesine gore normalize edilmis kuvvet ve gii¢c parametreleriyle daha belirgin iliskiler
ortaya koydugunu dogrulamaktadir (Martinez vd., 2022; Soyal vd., 2023). Bununla birlikte, su i¢i sigrama
performansi yalnizca kas kuvveti iizerinden agiklanabilecek bir yapi degildir; makas hareketi, alt
ekstremitelerin kinematik organizasyonu, govde kontrolii, su i¢i koordinasyon ve distal eklem hareket aciklig1
(ayak bilegi plantar fleksiyon/dorsifleksiyon) gibi unsurlar da performansin olusumunda belirleyici rol
oynamaktadir (Fernandes vd., 2010; Kawai vd., 2021; Sanders, 2002; Oliveira vd., 2015). Diger yoniiyle
degerlendirildiginde, su topunda su i¢i sigrama performansinin yalnizca ulasilan yiikseklik iizerinden degil, bu
yiiksekligi olusturan noéromiiskiiler, biyomekanik ve teknik bilesenler c¢ergevesinde biitiinciil olarak ele
almmas1 gerekmektedir. Elde edilen bulgular, su i¢i sigrama performansinin anlagilmasinda ve antrenman
optimizasyonunda relatif kuvvet, glic ve koordinasyon oOzelliklerinin kritik onemini vurgulamakta, bu
parametrelerin izokinetik testlerle degerlendirilmesinin pratik uygulamalara rehberlik edecegini ortaya
koymaktadir (Baltean vd., 2025; Gobbi vd., 2011; Matsuura vd., 2020; Matsuda vd., 2021; Isikdemir vd.,
2020).

Oneriler

Bu ¢aligma dogrultusunda, ileride yapilacak aragtirmalarda 6rneklem sayisinin artirilmasi kritik 6neme sahiptir
(Ozer, 2021; Soyal vd., 2023). Mevcut bulgular sinirli katilimer sayisiyla elde edilmis olup, daha genis sporcu
gruplar iizerinde yiiriitiilmesi, sonuglarm genellenebilirligini giiglendirecektir. Ozellikle yerli ya da
uluslararasi federasyonlarin destegiyle gerceklestirilecek galigmalar, su topu performansinin néromiiskiiler
belirleyicilerini daha derinlemesine aydinlatabilir (Matsuda vd., 2021). Bunun yaninda, yalnizca iist diizey
erkek su topu sporcularini kapsayan bu c¢alisma, kadin sporcular ve gelisim donemindeki geng sporcularda
benzer testlerin uygulanmasini zorunlu kilmaktadir. Ornegin, kadin su topu oyuncularinda sicrama ve kuvvet
iligkileri iizerine yapilan incelemeler, cinsiyet temelli farkliliklarin aydinlatilmasi gerektigini vurgulamaktadir
(Kawai vd., 2021). Uygulama agisindan antrendrler, relatif bacak kuvveti (6zellikle diz fleksiyon/ekstansiyon
ve non-dominant kal¢a abdiiksiyonu) gelistirme ve taraflar arasi kuvvet dengesizliklerini gidermeye
odaklanmalidir (Martinez vd., 2022; Oliveira vd., 2015). Su i¢i antrenman programlari, vertikal sigrama ve
noromiiskiiler ¢iktiy1 iyilestirdigi i¢in makas teknigi odakli pliometrik ve izokinetik egzersizler entegre
edilmelidir (Béltean vd., 2025; Caglayan vd., 2018).
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Extended Abstract

Introduction: Water polo is an intermittent, high-intensity team sport that requires athletes to repeatedly
perform explosive actions under complex aquatic conditions. Alongside sprint swimming, passing, shooting,
blocking, and physical contact, the ability to elevate the body above the water surface is one of the most
important performance components in both offensive and defensive situations. This vertical action is mainly
achieved through the eggbeater kick, a highly specific cyclical lower-limb movement in which the legs work
alternately rather than simultaneously. Because players spend a substantial portion of match time in a vertical
position, the effectiveness of lower-extremity force production has a direct influence on maintaining position,
resisting opponents, blocking, passing, and shooting. For this reason, in-water jump performance is regarded
as a meaningful sport-specific indicator in water polo. Although previous studies have emphasized the
importance of lower-limb strength in water polo, the relationship between specific isokinetic strength
parameters and in-water jump height remains insufficiently explained, particularly in elite adult male players.
The mechanics of aquatic vertical elevation differ substantially from those of dry-land jumping, because
movement in water is influenced by buoyancy, drag, limb orientation, technical timing, and intersegmental
coordination. Therefore, it cannot be assumed that maximal force values measured in laboratory settings will
be reflected directly and uniformly in aquatic vertical performance. In this context, a more specific examination
of knee and hip strength characteristics may help clarify which lower-extremity variables are more closely
associated with in-water jump height. The purpose of the present study was to examine the relationship
between knee flexion, knee extension, hip adduction, and hip abduction strength and in-water jump height in
elite adult male water polo players.

Method: The study was conducted using a correlational research design. The final sample consisted of 12 elite
adult male water polo players. Anthropometric and isokinetic measurements were performed under laboratory
conditions, and in-water jump height was assessed in the pool. Lower-extremity strength was measured
bilaterally using a Biodex System 4 Pro isokinetic dynamometer at an angular velocity of 60°/s. Knee flexion-
extension and hip abduction-adduction variables were recorded for both dominant and non-dominant limbs.
The isokinetic variables included peak torque, relative torque, average power, hamstring/quadriceps ratio, and
abductor/adductor reciprocal ratios. In-water jump height was measured according to the Platanou (2005)
protocol. Each athlete performed repeated trials, and the highest valid score was used in the final analysis. To
reduce the anthropometric influence of reach distance, the measured contact height was corrected by
subtracting half of the participant’s arm span. In this way, the performance variable more accurately reflected
vertical elevation capacity rather than upper-extremity reach advantage. Statistical analyses were performed
using SPSS 24.0. Distributional characteristics of all continuous variables were examined using the Shapiro—
Wilk test. Since the jump-height variable did not fully satisfy normality assumptions, both Pearson and
Spearman correlation coefficients were reported. The main analyses focused on the relationships between
dominant and non-dominant isokinetic strength variables and Platanou in-water jump height. In addition,
dominant and non-dominant paired comparisons were evaluated by paired-samples t-test or Wilcoxon signed-
rank test depending on the distribution of the difference scores. Finally, simple linear regression analyses were
conducted to determine which variables best explained in-water jump height.

Findings: The results showed that in-water jump height was associated more clearly with relative torque and
average power variables rather than with absolute peak torque values alone. In the Pearson analysis, the
strongest significant positive relationships with jump height were observed for non-dominant hip abduction
average power, non-dominant knee extension relative torque, and non-dominant hip abduction relative torque.
In the Spearman analysis, non-dominant knee flexion relative torque, non-dominant knee extension relative
torque, non-dominant knee flexion average power, and non-dominant knee extension average power were the
most prominent variables. Overall, the pattern of findings indicated that in-water jump height was linked
particularly to non-dominant lower-extremity relative strength and power characteristics.
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Discussion: These findings suggest that in-water jump performance cannot be explained solely by maximal
absolute force production. Rather, it appears to depend more strongly on relative force expression and on how
efficiently force is transferred through a sport-specific movement pattern. In this sense, in-water vertical jump
performance seems to be shaped not only by muscular strength, but also by technical execution, coordination,
and movement-specific mechanical organization. Another notable finding was that the variables that showed
the strongest associations with in-water jump height were mostly observed on the non-dominant side. This
finding suggests that dominant and non-dominant lower extremities may differ not simply in terms of strength,
but also in their functional contribution and technical role during the eggbeater action. These results also
emphasize the probable importance of hip abductor function and relative knee extensor capacity in the
production of effective upward propulsion during the eggbeater action. From a practical standpoint, evaluating
only absolute force measures may be insufficient when attempting to understand or improve vertical
performance in elite water polo players.

In conclusion, the present study demonstrated that in elite adult male water polo players, in-water jump height
is more closely associated with relative lower-extremity strength and power characteristics rather than with
absolute strength values alone. The findings highlight the importance of non-dominant limb function and
suggest that side-specific mechanical contributions should be considered when assessing performance and
planning training. Coaches and practitioners may benefit from focusing not only on maximal force
development, but also on relative torque production, average power output, and lower-limb coordination within
sport-specific movement patterns. Nevertheless, the relatively small sample size should be acknowledged as a
limitation, and future studies with larger elite samples are needed to clarify these relationships more
comprehensively.

Keywords: Water polo, In-water jump, Isokinetic strength
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Ozet

Bu calismanin amaci, Diyarbakir ilindeki futbol okullarinda aktif olarak spor yapan
sporculari, antrendr davraniglarina iligkin algilarin1 degerlendirmektir. Arastirma nicel
arastirma yoOntemlerinden tarama modeliyle yiiriitilmistir. Calismanmn evrenini
Diyarbakir ilinde faaliyet gosteren 10 futbol okulundaki sporcular, drneklemini ise bu
okullardan aragtirmaya goniillii olarak katilan sporcular olusturmustur. Veri toplama aract
olarak Yapar ve Ince (2014) tarafindan gelistirilen, 47 madde ve 7 alt boyuttan olusan
Sporcular igin Antrenér Davranislart Degerlendirme Olgegi (SADDO) kullanilmstir.
Verilerin analizinde tanimlayici istatistiklerden yararlanilmis; verilerin normal dagilima
uygunlugu Kolmogorov-Smirnov ve Shapiro-Wilk testleri ile incelenmistir. Olgek alt
boyutlarmin demografik degiskenlere gore farklilasip farklilagmadigini belirlemek
amaciyla tek yonlii varyans analizi (One-Way ANOVA), anlamh farklilik tespit edilen
durumlarda ise LSD c¢oklu karsilastirma testi uygulanmistir. Arastirma bulgulari,
sporcularin antrenér davranislarina iliskin algilarinin yas degiskenine gore anlamli
bicimde farklilagmadigini; buna karsin spor yapma siiresinin olumlu antrendr
davranislarinin  algilanmasinda etkili oldugunu gdstermistir. Olumsuz antrendr
davranislarina iliskin degerlendirmelerin ise yas ve spor yapma siiresi bakimindan daha
homojen bir dagilim gosterdigi belirlenmistir. Sonug¢ olarak, antrenér davranislarmnin
sporcularim gelisiminde dnemli bir rol oynadig1 ve bu davranislarin 6zellikle spor yapma
deneyimine bagli olarak farkli bigimlerde algilanabildigi sdylenebilir.

Anahtar Kelimeler: Antrenor, Davranig, Sporcu, Futbol

Abstract

The aim of this study is to evaluate athletes’ perceptions of coaches’ behaviours among
athletes actively participating in football schools in Diyarbakir. The study was conducted
using the survey model, one of the quantitative research methods. The population of the
study consisted of athletes enrolled in 10 football schools operating in Diyarbakir, while
the sample comprised athletes who voluntarily participated in the study from these
schools. The “Coach Behaviours Evaluation Scale for Athletes” (CBES-A), developed
by Yapar and Ince (2014) and consisting of 47 items and 7 sub-dimensions, was used as
the data collection instrument. In the analysis of the data, descriptive statistics were first
employed, and the normality of the data was examined using the Kolmogorov-Smirnov
and Shapiro-Wilk tests. One-Way Analysis of Variance (One-Way ANOVA) was used
to determine whether the sub-dimensions of the scale differed according to demographic
variables, and the LSD multiple comparison test was applied in cases where statistically
significant differences were found. The findings revealed that athletes’ perceptions of
coaches’ behaviours did not differ significantly according to age; however, the duration
of sports participation was found to be influential in the perception of positive coach
behaviours. Evaluations of negative coach behaviours, on the other hand, showed a more
homogeneous distribution in terms of both age and duration of sports participation. In
conclusion, coach behaviours play an important role in athletes’ development and may
be perceived differently depending particularly on athletes’ level of sports experience.

Keywords: Coach, Behavior, Athlete, Football
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GIRIS

Spor yapmak, kisilerin psikososyal sagliklarini iyilestirmelerine ve diizenli bir hayata sahip olmalaria
yardimce1 olur. Fiziksel ve zihinsel sagliklarini gelistirmenin yani sira, kiiltiirel iligkiler ve iletisim agisindan
da kritik bir rol oynar. Bu kapsamda, sporcu- antrendr iliskisi, sporun basarisi ve devamliligi agisindan 6nemli
bir etkiye sahiptir. Iyi bir etkilesim, sporcularmn giidiilenmelerini saglayarak performanslarim arttirabilir ve
sporun uzun vadeli bir siire¢ haline gelmesini saglayabilir (Jowett ve Cockerill, 2003).Sporcular, dogumundan
siiregelen bir yetenek, fiziksel uygunluk, mental giig, irade, kararlilik gibi basari i¢in gerekli olan tiim
becerilere sahip olsalar bile, kendilerini gelistirecek nitelikli bir antrendr ile c¢alismiyorlarsa, biiyiikk bir
ihtimalle ulasmak istedikleri performansin gerisinde kalacak ya da hedeflenen gelisimi elde etmek de zorluk
yasayacaklardir. Bu sebepten oOtiirii amatdr veya profesyonel nitelikte yapilan herhangi bir spor dalinda
kazanilacak bir basarinin en biiylik nedenlerinden biri siiphesiz antrendrler olarak goriilmektedir (Short ve
Short, 2005). Spor, ergen kisilerin basariya olan gereksinimlerine olanak sunarak 6z saygisinin ilerlemesinde
kritik bir rol oynamaktadir. Ayn1 zamanda, sporun bu olumlu ¢iktilar1 saglayabilmesi, sadece katilimin
olmasiyla degil; ¢alisma atmosferinin kalitesi, antrenoriin rehberlik becerileri ve antrendr- sporcu iletisiminin
niteligi gibi ¢evresel ve kisisel unsurlarla yakindan iliskilidir (Vella vd., 2011). Spor da basar1 i¢in antrendrlere
biiyiik is diismektedir. Antrenorler sporcularin antrenmana siirekli katilim, antrenman kalitesi, antrenmanda
basar1 gibi unsurlarin hepsinden sorumlu tutulmakta ve bunlari iyi yapmasi dahilinde basarinin gelmesi
miimkiin olmaktadir. Futbol, giiniimiizde diger spor dallarina kiyasla siiphesiz en popiiler olanlardan biridir.
Saha biiyiikliigii, oyuncu sayis1 ve yiiksek miicadele gerektirmesi gibi 6zellikleriyle diger spor dallarindan
ayrilir. Ayrica, bedensel ve fizyolojik ihtiyaclar agisindan da farklilik gosterir (Agikada ve Ergen, 1990). Bu
da ¢ocuklar i¢in futbolu ¢ok daha etkileyici gérme olanagini saglamaktadir. Cocuk ve genglerde futbol
antrenmaninin amact, sporsal verimliliklerini gelistirmek i¢in sistematik ve ¢cok yonlii bir temel olusturmaktir.
Sporsal verimlilik, ¢esitli etkenlerin gelisimine baglidir ve bu etkenlerin gelisimini saglamak i¢in ¢ocuk ve
gengleri yakindan tanimak 6nemlidir. Yetiskinlikte bagarili bir futbolcu olabilmek i¢in, ¢ocukluk ¢aglarindan
itibaren belirli 6grenim devrelerinden ge¢mek gerekir. Bu uzun vadeli 6grenim ve gelisim siireci, ¢cocugun
belirli biyolojik gelisim donemlerinde sergiledigi karakteristik 6zelliklere gore belirlenir. Bu siirecte, cocugun
sportif yeteneginin ortaya ¢ikarilmasi ve yetenekleri dogrultusunda gelisiminin planlanmasi gerekmektedir
(Ozdemir, 2014). Antrenérler, sadece teknik yeteneklerin intikalini saglayan kisiler degil; aym zamanda
sporcularin zihinsel, duygusal ve kiiltiirel gelisimlerini koordine eden egitsel figiirler olarak kritik bir role
sahiptir. Bu baglamda, antrenoriin egitsel donanima sahip olmas1 hem 6gretim yontemlerinde hem de antrenor-
sporcu iliskilerinde belirleyici bir rol olmaktadir (Coté ve Gilbert, 2009). Antrendrler sadece spor anlaminda
basariy1 saglayan kisi degil kisilerin sporcu olup olmama kararinda etkili olan ve kisileri mental anlamda
tamamen spor i¢in hazir duruma getirmekle gorevli olan kisidir. Antrendrlerin, sporcularla kurduklar
etkilesimin kalitesi, sporcularin inanglari iizerinde kritik bir rol oynamaktadir. Bu etkilesimin olgunlasmasinda,
etkilesim yeteneklerinin rolii onemli bir faktdr olarak 6ne g¢ikmaktadir (Mageau ve Vallerand, 2003).
Antrenorlerin sporcularla yapacagi olumlu ya da olumsuz etkilesim onlar1 hem karakter anlamin da hem de
sporda basari noktasinda etkilemektedir. Bundan dolay1 antrenorler kuracaklari etkilesim noktasinda gelisime
acik olmalidirlar. Antrendrler ile yapilan olumlu iletisim, sporcularin ise daha ¢ok konsantre olmalarina ve
daha verimli olmalarina zemin hazirlamaktadir (West, 2016). Yetersiz iletisim kuruldugu zamanlarda ise
sporcu agisindan igleyis olumsuz idrak edilir ve sporcunun duygusal tarafi ortaya ¢iktig1 icin performansinda
bir diisiis gozlenir (Bekiari ve Syrmpas, 2015). Antrendr, iyi bir organizasyon diizenleyicisi ve aktif bir yonetici
olarak hareket ederken ayni1 zamanda sporcularin spora olan inanglarini yiiksek tutan, onlarin 6zgtirliiklerini
ve becerilerini kazanmalarina yardimci olan bir 6gretici olarak goriilmektedir (Dolagir, 2006).

Bu dogrultuda bu g¢alisma; Diyarbakir Futbol Okullarinda aktif olarak oynayan sporcularin; futbol kuliibii
antrendrlerinin  davramislant ile antrendr-sporcu baglanma stilleri arasindaki iligkinin sporcu agisindan
degerlendirilmesi amaglanmustir.

YONTEM

Bu aragtirmanin yontemi asagida verilen bilgiler dogrultusunda arastirmanin modeli, arastirma grubu, veri
toplama araglar1 ve verilerin analizi hakkinda bilgi verilmektedir.
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Arastirma Modeli

Bu arastirma, nicel arastirma yontemine dayali olarak tarama modeliyle yiiriitiilmiistiir. Karasar’a (2005) gore
tarama modeli, “ge¢miste ya da mevcut durumda var olan bir durumu oldugu gibi betimlemeyi amaglayan™ bir
aragtirma desenidir. Bu dogrultuda arastirmada, Diyarbakir ilindeki futbol okullarinda aktif olarak spor yapan
sporcularin antrendr davranislarina iliskin algilar1 mevcut kosullar icerisinde incelenmistir. Tarama modeli,
genis bir katilimci1 grubundan elde edilen veriler araciligryla arastirma konusuna iliskin genel egilimlerin
ortaya konulmasina olanak saglamaktadir.

Arastirma Grubu

Bu ¢alismanin evrenini Diyarbakir ilinde bulunan 10 (on) futbol okulunun sporculari olustururken 6rneklemini
ise calismaya goniillii olarak bu okullardan uygun 6rnekleme yontemi ile katilan sporcular olugturmaktadir.
Ulagilabilirlik ve elverislilik esasina dayali olan uygun 6rnekleme yontemi bazi arastirma konularinda
bilgilerin hizlica toplanmasi amaciyla tercih edilen bir yontemdir (Biiylikoztiirk, 2018). Arastirmaya katilan
sporcu grubunun 54 (%100)’1 erkek sporcudan olusturmaktadir.

Veri Toplama Araclari

Calismada Yapar ve ince (2014) tarafindan gelistirilen 47 madde ve 7 alt boyuttan olusan Sporcular igin
Antrendr Davranislar1 Degerlendirme Olgegi (SADDO) kullamlmustir. Olgegin alt1 alt boyutunu olumlu kisisel
anlayis boyutlar1 (antrenman ve kondisyon, teknik beceri 6gretimi, zihinsel hazirlik, hedef belirleme ve
yarigma stratejileri) olustururken bir alt boyutunu ise olumsuz kisisel anlayis boyutu (antrenoriin sporcular
iizerinde yaratt1g1 olumsuz davranislar) olusturmaktadir. Olcegi gelistiren yazarlar tarafindan 6lgegin gecerlik
ve giivenirliligine bakilmis ve Cronbach alpha i¢ tutatarlilik degerleri (Fiziksel Antrenman ve Planlama = .86,
Teknik Beceri = .85, Zihinsel Hazirlik = .84, Hedef Belirleme = .87, Yarisma Stratejisi = .85, Olumlu Antrenor
Davranisi = .81 ve Olumsuz Antrendr Davramist = .79) olarak hesaplanmustir. Olgek 7°1i likert iizerinden
degerlendirilmektedir. Bu ¢alismaya katilim google anket formu {izerinden gergeklestirilmistir.

Veri Analizi

Bu arastirmada elde edilen verilerin analizi i¢in Oncelikle tanimlayici istatistikler (frekans, yiizde, ortalama ve
standart sapma) hesaplanarak katilimcilarin demografik &zellikleri ve olgek alt boyutlarina iligkin genel
dagilimlar ortaya konulmustur. Verilerin normal dagilima uygunlugu Kolmogorov-Smirnov ve Shapiro-Wilk
testi ile incelenmis ve verilerin normal dagilima uygun oldugu goriilmiistiir. Sporcular i¢in antrendr
davraniglart dl¢eginin alt boyutlarinin demografik degiskenlere gore farklilagip farklilasmadigini incelemek
amaciyla tek yonli varyans analizi (One-Way ANOVA) kullanilmigtir. Varyans analizi sonucunda anlamli
farklilik tespit edilen durumlarda, farkin hangi gruplardan kaynaklandigini belirlemek iizere LSD (Least
Significant Difference) ¢oklu karsilastirma testi uygulanmigtir. Tiim analizlerde anlamlilik diizeyi p<0,05
olarak kabul edilmistir.

BULGULAR
Tablo 1. Demografik Bilgilerin Dagilimi
n %
14 7 13.0
15 11 204
Yas 16 18 333
17 11 204
18 7 13.0
2 16 29.6
Spor yapma siiresi (y1lhk) 2.5 13 24.1
3 25 46.3
Antrenman sayisi (haftahk) 2 54 100.0
Toplam 54 100.0
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Arastirmaya katilan sporcularin demografik ozellikleri frekans analizi ile incelenmistir. Bulgulara gore
katilimcilarin yaslarinin 14 ile 18 arasinda degistigi goriilmektedir. Yas degiskeni agisindan en yiiksek katilim
oranini %33,3 ile 16 yas grubundaki sporcular olusturmaktadir (n=18). Bunu %20,4 oraniyla 15 ve 17 yas
gruplari izlemektedir (n=11). Katilimeilarin %13,0’mn1in 14 yasinda (n=7) ve yine %13,0’min 18 yasinda (n=7)
oldugu belirlenmistir. Bu bulgular, aragtirma grubunun agirlikli olarak orta ergenlik donemindeki futbol okulu
sporcularindan olustugunu gostermektedir. Spor yapma siiresi degiskeni incelendiginde, katilimcilarin
%46,3Unlin 3 yildir spor yaptigi goriilmektedir (n=25). Ayrica sporcularin %29,6’smnin 2 yil (n=16),
%24,1’inin ise 2,5 yil (n=13) siiredir spor yaptig1 belirlenmistir. Bu sonuglar, aragtirmaya katilan sporcularin
onemli bir boliimiiniin belirli diizeyde spor deneyimine sahip oldugunu gostermektedir. Antrenman sayisi
degiskenine iliskin bulgular ise katilimcilarin tamamimin haftada 2 giin antrenman yaptigim1 ortaya
koymaktadir (%100,0; n=54). Bu durum, 6rneklem grubunun haftalik antrenman sikligi bakimimdan homojen
bir yapiya sahip oldugunu gostermektedir.

Tablo 2. Sporcular I¢in Antrendér Davramislar Olgegi Alt Boyutlarina liskin Tanimlayici Istatistikler

n Minimum Maksimum Ort. S.s.

Fiziksel Antrenman ve Planlama 54 5.29 6.86 6.07 0.46
Teknik Beceri 54 5.14 7.00 6.03 0.53

Zihinsel Hazirhik 54 4.40 7.00 6.09 0.54

Hedef Belirleme 54 5.00 7.00 6.07 0.51
Yarisma Stratejisi 54 5.14 7.00 6.03 0.46
Olumlu Antrenér Davramslar: 54 4.83 7.00 6.02 0.53
Olumsuz Antrenér Davranislari 54 1.00 4.75 1.62 0.52

Sporcular i¢in antrendr davraniglart 6lgeginin alt boyutlarina iliskin tamimlayici istatistikler incelendiginde,
tiim alt boyutlarda katilimei sayisinin 54 oldugu goriilmektedir. Fiziksel Antrenman ve Planlama alt boyutunda
puanlarin 5,29 ile 6,86 arasinda degistigi, ortalamanin 6,07 ve standart sapmanin 0,46 oldugu belirlenmistir.
Teknik Beceri alt boyutunda minimum deger 5,14, maksimum deger 7,00, ortalama 6,03 ve standart sapma
0,53’tlir. Benzer sekilde Yarigma Stratejisi alt boyutunda da ortalamanin 6,03 ve standart sapmanin 0,46
oldugu goriilmektedir. Zihinsel Hazirlik alt boyutunda minimum puan 4,40, maksimum puan 7,00, ortalama
6,09 ve standart sapma 0,54 olarak bulunmustur. Hedef Belirleme alt boyutunda ise ortalama 6,07 ve standart
sapma 0,51°dir. Olumlu Antrenér Davranislart alt boyutunda ortalama 6,02 ve standart sapma 0,53 olarak
belirlenmistir. Buna karsin Olumsuz Antrendr Davraniglar alt boyutunda minimum deger 1,00, maksimum
deger 4,75, ortalama 1,62 ve standart sapma 0,52°dir.

Tablo 3. Yas Gruplarina Gére Antrendr Davramslar1 Olgegi Alt Boyutlarina iliskin ANOVA Sonuglari

n Ort. S.s. F p

14 7 6.08 0.59

15 11 6.04 0.48

Fiziksel Antrenman ve 16 18 5.98 0.41
Planlama 17 11 6.16 0.52 0.320 0.863

18 7 6.16 0.40

Toplam 54 6.07 0.46

14 7 6.14 0.63

15 11 5.97 0.54

. . 16 18 5.89 0.52
Teknik Beceri 17 11 6.00 037 0.875 0.486

18 7 6.29 0.65

Toplam 54 6.03 0.53

14 7 6.20 0.62

15 11 5.96 0.78

. 16 18 6.02 0.43
Zihinsel Hazirhk 17 11 6.27 0.47 0.611 0.657

18 7 6.03 0.39

Toplam 54 6.09 0.54

14 7 6.33 0.57

. 15 11 5.91 0.54
Hedef Belirleme 16 18 596 0.48 1.112 0.362

17 11 6.15 0.44
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1.505

0.751

0.459

0.215

0.562

0.765

Analiz sonuglarina gore, Fiziksel Antrenman ve Planlama alt boyutunda yas gruplari arasinda istatistiksel
olarak anlamli bir farklilik bulunmamistir (F(4,49)=0,320; p>0,05). Benzer sekilde Teknik Beceri
(F(4,49)=0,875; p>0,05), Zihinsel Hazirhik (F(4,49)=0,611; p>0,05), Hedef Belirleme (F(4,49)=1,112;
p>0,05), Yarisma Stratejisi (F(4,49)=1,505; p>0,05), Olumlu Antrendér Davranislar (F(4,49)=0,751; p>0,05)
ve Olumsuz Antrenoér Davranislari (F(4,49)=0,459; p>0,05) alt boyutlarinda da yas gruplarina gére anlamli bir

farklilik tespit edilmemistir.

Tablo 4. Spor Yapma Siiresine Gére Antrendr Davramslar: Olcegi Alt Boyutlarina iliskin ANOVA Sonuglari

n Ort. S.s. F p
2yl 16 6.02 0.39
Fiziksel Antrenman ve 2.5y 13 6.47 0.32
Planlama 3yl 25 5.89 0.44 9.331 <0,001
Toplam 54 6.07 0.46
2yl 16 5.90 0.45
. . 2.5yl 13 6.60 0.37
Teknik Beceri 3yil o5 5.82 043 15.923 <0,001
Toplam 54 6.03 0.53
2yl 16 5.85 0.54
- 2.5yl 13 6.65 0.38
Zihinsel Hazirhk 3 yil o5 504 0.41 13.940 <0,001
Toplam 54 6.09 0.54
2 yil 16 5.82 0.49
. 2.5yl 13 6.64 0.26
Hedef Belirleme 3yil o5 593 0.39 18.131 <0,001
Toplam 54 6.07 0.51
2yl 16 5.87 0.29
- 2.5yl 13 6.48 0.41
Yarisma Stratejisi 3yl o5 590 043 11.515 <0,001
Toplam 54 6.03 0.46
2yl 16 5.78 0.37
. 2.5yl 13 6.63 0.35
Olumlu Antrendr Davranislar: 3 yil o5 585 0.45 19.365 <0,001
Toplam 54 6.02 0.53
2 yil 16 1.58 0.32
Olumsuz Antrenor 2.5yl 13 1.52 0.33
Davramslart 3yl 25 1.69 0.69 0.472 0.627
Toplam 54 1.62 0.52

Analiz sonuglarma gore, Fiziksel Antrenman ve Planlama alt boyutunda gruplar arasinda istatistiksel olarak
anlamli bir farklilik oldugu belirlenmistir (F(2,51)=9,331; p<0,05). LSD ¢oklu karsilagtirma testi sonuglarina
gore, 2,5 yil spor yapan sporcularin ortalamalarinin (X=6,47), hem 2 yil (X=6,02) hem de 3 yil spor yapan
sporculara (X=5,89) gore anlaml diizeyde daha yiiksek oldugu tespit edilmistir (p<0,05).
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Teknik Beceri alt boyutunda da gruplar arasinda anlamli farklihk bulunmustur (F(2,51)=15,923; p<0,05).
Yapilan LSD testi sonucunda, 2,5 yil spor yapanlarin ortalamalarinin (X=6,60), hem 2 y1l (X=5,90) hem de 3
yil spor yapanlara (X=5,82) gore anlamli diizeyde daha yiiksek oldugu belirlenmistir (p<0,05).

Zihinsel Hazirlik alt boyutunda da anlaml farklilik oldugu saptanmistir (F(2,51)=13,940; p<0,05). LSD testi
sonuglarma gore, 2,5 yil spor yapanlarin ortalamalarmin (X=6,65), 2 yil (X=5,85) ve 3 yil spor yapanlara
(X=5,94) kiyasla daha yiiksek oldugu ve bu farkin istatistiksel olarak anlamli oldugu gériilmiistiir (p<0,05).

Hedef Belirleme alt boyutunda da anlamli farklilik bulunmustur (F(2,51)=18,131; p<0,05). LSD testi
sonucunda, 2,5 yil spor yapan sporcularm ortalamalarinin (X=6,64), hem 2 yil (X=5,82) hem de 3 yil spor
yapan sporculara (X=5,93) gore anlamli diizeyde daha yiiksek oldugu belirlenmistir (p<0,05).

Yarigma Stratejisi alt boyutunda da gruplar arasinda anlamhi farklilik oldugu goriilmiistiir (F(2,51)=11,515;
p<0,05). LSD testi sonuglarina gore, 2,5 yil spor yapan sporcularin ortalamalarmin (X=6,48), hem 2 yil
(X=5,87) hem de 3 y1l spor yapan sporculara (X=5,90) gore anlamli diizeyde daha yiiksek oldugu belirlenmistir
(p<0,05).

Olumlu Antrendér Davraniglart alt boyutunda da istatistiksel olarak anlamli farklilik tespit edilmistir
(F(2,51)=19,365; p<0,05). LSD testi sonuglarina gore, 2,5 yil spor yapan sporcularin ortalamalarinin (X=6,63),
hem 2 yil (X=5,78) hem de 3 yil spor yapan sporculara (X=5,85) gore anlaml diizeyde daha yiiksek oldugu
bulunmustur (p<0,05).

Buna karsin, Olumsuz Antrenér Davraniglart alt boyutunda spor yapma siiresine gére anlamli bir farklilik
bulunmamustir (F(2,51)=0,472; p>0,05).

TARTISMA

Bu calismada sporcular i¢in antrendr davranislarini degerlendirmek amaglanmigstir. Bu amag¢ dogrultusunda
Diyarbakir Futbol Okullari’nda aktif olarak futbol oynayan sporcular iizerinde calisilmistir. Caligsmaya
Diyarbakir Futbol Okullari’nda aktif olarak oynayan 54 kisi katilmistir. Katilimcilarin %13’{inlin 14 yasinda,
%20,4iniin 15 yasinda, %33,3’linlin 16 yasinda, %20,4’linlin 17 yasinda ve %13,0’min 18 yasinda oldugu
belirlenmistir. Katilimcilarin %29,6’sin1n 2 y1l, %24,1’inin 2,5 y1l ve %46,3’iiniin 3 y1l siiredir spor yaptiklar
ve tiim katilimcilarin haftada 2 giin antrenman yaptig1 belirlenmistir.

Sporcular igin antrendr davranisi dlgegi kapsaminda antrendr davranislar “Fiziksel Antrenman ve Planlama”,
“Teknik Beceri”, “Zihinsel Hazirlik”, “Hedef Belirleme”, “Yarigma Stratejisi”’, “Olumlu Antrenor
Davranislart” ve “Olumsuz Antrendr Davraniglar” olmak tizere yedi alt boyutta degerlendirilmistir. Yapilan
analizler sonucunda katilimcilar olumsuz antrenér davraniglari harig tiim alt boyutlarda ortalama puanlart
yliksek ve birbirine yakin bulunmustur. Bu durum antrenérlerin hem psikolojik hem de teknik agidan tutarli
ve yeterli performans sergiledigini gostermektedir. Standart sapma degerlerine bakildiginda ise tiim alt
boyutlarda diigiik oldugu goriilmektedir. Bu durum, algimin katilimeilar arasinda homojen bir dagilim
gosterdigini ortaya koymustur. Ancak olumsuz antrendr davraniglari alt boyutunda ortalama degerin diistikliigii
sporcularin antrenérlerini  genel olarak destekleyici ve yapict bir tutum icinde degerlendirdigini
gostermektedir. Tim sonuglar birlikte ele alindiginda antrenér davraniglarinin sporcularin gelisimi
destekledigini, olumlu bir yap1 sergiledigini ve olumsuz davraniglarin sinirli seviyede algilandigi soylenebilir.

Caligma kapsaminda antrenor davranislarinin yas ve spor yapma siiresine gore degisip degismedigi de
incelenmistir. Sporcular i¢in antrenor davranislart 6l¢eginin yasa gore incelenmesi sonucunda alt boyutlarin
hepsinde yas gruplari arasinda istatistiksel olarak anlamli bir farklilik olmadigi belirlenmistir. Dolayisiyla
sporcularm antrenér davramslarina dair algilarinin yas degiskenine gore degismedigi; farkli yas gruplarindaki
sporcularm antrendrlerini benzer sekilde degerlendirdigi soylenebilmektedir.

Bu ¢alismada elde edilen bulgular, sporcularin antrenér davraniglarina iliskin algilarinin yas degiskenine gore
anlamli diizeyde farklilagmadigimi gostermistir. Bu sonug, Barut (2018) tarafindan yapilan galisma ile genel
olarak paralellik gostermektedir. Barut (2018) doktora tezi ¢aligmasinda bu ¢aligmaya paralel olarak antrenor
davraniglarmin biiylik dl¢lide yas degiskenine gore farklilasmadigr belirlemis, yalnizea fiziksel antrenman ve
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planlama alt boyutunda anlamli bir farklilik oldugunu saptamistir. Benzer sekilde Kiiciik (2023) elit diizeyde
giiresciler lizerinde yaptigi calismada yasa gore yalnizca fiziksel antrenman ve planlama alt boyutunda anlaml
farklilik oldugunu saptamistir. Bu durum, antrenor davranislarinin genel olarak yasa gore benzer algilandigini,
ancak fiziksel antrenman ve planlama boyutunun yasa bagli olarak daha duyarli bir yap1 sergileyebilecegini
diisiindiirmektedir. Ancak Barut (2018) calismasimin 6rneklemini gen¢ yetiskin diizeyindeki iiniversite
sporculart olustururken, bu calismada 14-18 yas araligindaki ergen bireyler yer almaktadir. Bu durum,
sporcularin gelisimsel diizeylerine bagli olarak antrenman siirecini algilama ve degerlendirme bigimlerini
etkilemis olmasiyla agiklanabilmektedir. Daha ileri yas grubundaki sporcularin antrenman planlamasi ve
fiziksel yiliklenme stireclerine iliskin daha yiiksek farkindaliga sahip olmalar1 beklenecegi icin s6z konusu alt
boyutta farkliligin ortaya c¢ikmasi olasidir. Buna karsin, Gok (2021) yaptigi calismada yas ile antrenor
davranmiglarinin 6zellikle fiziksel antrenman, planlama alt boyutu ve olumsuz antrendr davranislari arasinda
anlamli bir iliski oldugunu saptamistir. Bu farkliligin, Gok (2021) ¢alismasinin elit diizeyde ve daha ileri yas
grubundaki sporcular iizerinde yiiriitilmiis olmasindan kaynaklandig: diisiiniilmektedir. Ciinkii sporcularin yas
ve deneyim diizeyi arttikga antrenman siireclerine yonelik farkindaliklarinin ve elestirel degerlendirme
becerilerinin gelismesi, antrenér davraniglarinin daha belirgin bigimde algilanmasina yol agabilmektedir.
Benzer sekilde, Dilek (2017) tarafindan Tiirkiye ve Bosna-Hersek drneklemleri tizerinde yiiriitiilen ¢aligmada
da yas degiskenine iliskin bulgularin alt boyutlara ve érneklem 6zelliklerine gore farklilik gosterdigi, genel
anlamda tutarli ve tek yonlii bir sonuca ulasilamadig: ifade edilmistir. Ciinkii yas degiskeninin antrenor
davraniglarma iligkin algilar iizerindeki etkisi orneklem yapisi, brang cesitliligi ve sporcularin deneyim
diizeyine bagli olarak degisebilmektedir. Buna ek olarak, Aydin (2024) badminton sporculart iizerinde yaptigi
caligmada 0zellikle 18 yas ve lizeri sporcularin hedef belirleme ve olumlu antrendr davranislart boyutlarinda
antrendrlerini daha olumlu degerlendirdiklerini saptamistir. Bu bulgu, mevcut calismadan farklilik
gostermektedir. Bu farkliligin, Aydin (2024) tarafindan yapilan ¢alismada amator ve profesyonel sporculari
birlikte igeren daha heterojen bir 6rneklem grubu olmasindan kaynaklanabilecegi diisiiniilmektedir. Diger bir
caligmada Ermis ve arkadaslar1 (2017), sporcularin antrenér davraniglarini algilama diizeylerinin yas, cinsiyet
ve spor tiirline gore anlamli farkliliklar gosterdigini ortaya koymustur. Bu bulgu, mevcut ¢alismadan farklilik
gostermekte olup, s6z konusu farkliligin 6rneklem 6zellikleri ve rekabet diizeyinden kaynaklanabilecegi
diisiiniilmektedir. Tutar (2018) tarafindan yapilan ¢aligmada, sporcularin yas ve spor deneyimi gibi
degiskenlere gore antrendr davraniglarinin tiim alt boyutlarinda, olumsuz antrendr davranislari dahil olmak
iizere anlaml farkliliklar bulundugu belirlenmistir. Bu bulgu, mevcut ¢alismayla biiyiik dl¢iide paralellik
gostermekle birlikte, 6zellikle olumsuz antrenér davranislari alt boyutunda farklilagmaktadir. Kablan Yildirim
(2022) ise bu galigmaya paralel olarak olumsuz antrenor davranislari harig¢ tiim alt boyutlarda anlamli farklilik
saptamistir. Bu durum, olumsuz antrenér davraniglarinin sporcular tarafindan daha sinirli ve homojen bir
bicimde algilanabildigi seklinde agiklanabilmektedir.

Sporcular igin antrenér davraniglari Glgeginin spor yapma siiresine gore incelenmesi sonucunda olumsuz
antrendr davraniglar hari¢ tiim alt boyutlarda gruplar arasinda istatistiksel olarak anlamli farkliliklar oldugu
belirlenmistir. Tiim alt boyutlarda 2,5 yil spor yapan sporcularin algi diizeylerinin hem 2 yil hem de 3 yil spor
yapanlara kiyasla daha yliksek oldugu belirlenmistir. Yani orta diizey spor deneyimi olan bireylerin antrenor
davraniglarini daha olumlu degerlendirdikleri sdylenebilmektedir.

Olumsuz antrendr davramslari alt boyutunda spor yapma siiresine gore anlamli bir farklilik olmadigi
belirlenmistir. Yani spor yapma siiresi olumsuz davranig algisi tizerinde belirleyici bir rol oynamamaktadir.
Literatiirde bu ¢alisma ile paralellik gosteren ya da celisen ¢alismalar bulunmaktadir. Ornegin Barut (2018)
caligmasinda bu alt boyutta da anlamh farklilik tespit edilmistir. Bu durum, 6rneklem gruplarinin yas ve
gelisim diizeylerindeki farkliliklarla agiklanabilmektedir. Kiiglik yaslarda bagirma, elestirme ve baski daha
kabul edilebilir olarak algilanip, antrendr daha otoriter bir figiir olarak algilanirken, deneyim arttikca ve yas
arttikga ayn1 davranis olumsuz olarak kodlanabilmektedir. Ote yandan bu galismada futbol okulu érnekleminde
antrendrler daha koruyucu ve pedagojik yaklasirken, liniversite ortaminda artan rekabet ile olumsuz davranisin
degiskenligi artabilmektedir. Diger bir ¢alismada Cik (2019) sporcularin basketbol oynama ge¢mislerine gore
antrendr davranislarinin hicbir alt boyutunda anlamli bir farklilik olmadigimi belirlemistir. Bu farkliligin
orneklem grubunun 6zellikleri, spor bransi, rekabet diizeyi ve katilimcilarin spor deneyim dagilimlarindaki
homojenlikten kaynaklandigi sdylenebilir. Cik (2019) ¢aligmasinda basketbol oynayan, bizim ¢alismamizdan
daha uzun ge¢mise sahip, milli takimda oynama durumu olan ve olmayan sporcularla galigmustir.
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Tim g¢aligmalar birlikte ele alindiginda antrenér davraniglarinin yas degiskenine gore farklilagsmasina dair
literatiirde tutarl bir sonug olmadig1 goriilmektedir. Calismalardan bazilarinda yas ile antrenér davranislarinin
algilanmasi arasinda anlamli bir farklilik bulunurken, bazilarinda fark bulunmamistir. Bu durum yas
degiskeninin antrendr davranislarinda tek basina belirleyici bir faktér olmadigini ve bu degiskenin spor ortamu,
rekabet diizeyi, spor bransi ve sporcularin deneyim 6zellikleri gibi degiskenlerle birlikte degerlendirilmesi
gerektigini gostermektedir. Ozellikle ergenlerin antrendrlerini otorite figiirii olarak algilamalar1 ve elestirel
bakmamalari, bu ¢alismada belirlenen yas ve antrendr davranisi arasindaki iligkiyi etkilemis olabilir. Spor
yapma siiresi degiskenine bakildiginda ise, olumsuz antrendr davraniglari diginda tiim alt boyutlarda farklilik
oldugu goriilmektedir. Bu durum yine Bu durum, yas ve deneyim diizeyi arttik¢a sporcularin, daha bilingli ve
olumlu bi¢gimde degerlendirebildiklerini, ancak olumsuz davraniglarin algilanmasiin daha siirli ve homojen
kaldigim gostermektedir. Ozellikle spor deneyimi orta seviyede olan bireyler antrendr davramslarini daha
olumlu degerlendirebilmektedir. Ciinkii bu grup hem heniiz yeterli deneyim kazanmamis hem de yiiksek diizey
rekabet baskisiyla heniiz karsilasmamis olabilmektedir.

Elde edilen bulgular 1s1ginda sporcularin gelisim diizeyleri ve yaslari dogrultusunda antrenérlerin iletisim ve
davranis stratejilerini dogru secmeleri oldukca onemlidir. Ozellikle ergenler gibi geng yas gruplarinda
pedagojik yaklasimla ve motive edici olmalari, sporcularin hem psikososyal gelisimleri agisindan olumlu
olacak hem de performanslarini olumlu etkileyecektir.

Bu ¢alisma yalnizca Diyarbakir Futbol Okullari’nda yer alan sporcularla sinirlidir. Ayrica brang olarak futbol
ve yas olarak da belli bir grup ile sinirlidir. Bu nedenle bulgularin genellenebilirligi kisitlanmaktadir.
Gelecekteki calismalarda farkli yas gruplarindan, spor bransglarindan ve rekabet diizeylerinden sporcularin
oldugu daha farkli ve genis drneklemlerle benzer galismalar yapilmasi onerilmektedir. Ote yandan antrendr
davraniglarinin sporcularin performans degiskenleri ve psikolojik unsurlar {izerindeki etkisinin incelenmesi
de 6nemlidir.

Sonu¢ olarak bu ¢aligmada sporcularin antrendrlerin davraniglarina dair algilar1 yas degiskenine gore
farklilagmamakta; ancak spor yapma siiresi olumlu antrendr davraniglar lizerinde etkili olmaktadir. Olumsuz
antrendr davraniglart ile hem yas hem de spor yapma bakimindan daha homojen algilanmistir. Bu bulgular
antrenor davraniglarinin sporcularin gelisiminde 6nemli bir rol oynadigini ve 6zellikle deneyim diizeyine bagh
olarak farkli bicimlerde algilanabildigini gosterir niteliktedir.
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Extended Abstract

Introduction: Participating in sports helps individuals improve their psychosocial well-being and lead a more structured
life. In addition to promoting physical and mental health, sports play a significant role in cultural and social interaction.
The athlete-coach relationship has a significant impact on the success and sustainability of sports. Good interaction can
boost athletes’ motivation, thereby enhancing their performance and helping sports become a long-term process. If
athletes do not work with a qualified coach who can help them develop, they will likely fall short of the performance they
aim for or face difficulties in achieving their desired progress. For this reason, coaches are undoubtedly considered one
of the primary factors behind success in any sport, whether amateur or professional. The quality of the interaction coaches
establish with athletes plays a critical role in shaping the athletes’ beliefs. Positive communication with coaches lays the
groundwork for athletes to focus more on their work and become more productive. When communication is inadequate,
however, the athlete perceives the process negatively, and a decline in performance is observed as the athlete’s emotional
side comes to the fore. Coaches play a critical role not only as facilitators of technical skills but also as educational figures
who guide athletes’ mental, emotional, and cultural development. While acting as an effective organizer and active
manager, a coach is also viewed as an educator who helps athletes maintain their belief in the sport and supports them in
gaining their freedom and skills.

Method: In this context, the aim of this study is to evaluate, from the athletes’ perspective, the relationship between the
behaviors of soccer club coaches and coach-athlete attachment styles among athletes actively playing at soccer schools
in Diyarbakir. This research is a quantitative, cross-sectional study. The population of the study consists of athletes from
10 (ten) soccer schools in the province of Diyarbakir, while the sample was formed using simple random sampling from
among the athletes who voluntarily participated in this study. The study utilized the Coach Behavior Assessment Scale
for Athletes (SADDO), developed by Yapar and ince (2014), which consists of 47 items and 7 subscales. To analyze the
obtained data, descriptive statistics were first calculated to present the participants’ demographic characteristics and the
general distributions regarding the scale’s subscales. The normality of the data was examined using the Kolmogorov-
Smirnov and Shapiro-Wilk tests, and the data were found to be normally distributed.A one-way analysis of variance (One-
Way ANOVA) was used to examine whether the subscales of the Coach Behavior Scale for Athletes differed according
to demographic variables. In cases where significant differences were detected as a result of the analysis of variance, the
LSD (Least Significant Difference) multiple comparison test was applied to determine which groups accounted for the
difference. A toplam of 54 individuals currently playing at the Diyarbakir Football Schools participated in the study. It
was determined that 13% of the participants were 14 years old, 20.4% were 15 years old, 33.3% were 16 years old, 20.4%
were 17 years old, and 13.0% were 18 years old. Within the scope of the Coach Behavior Scale for Athletes, coach
behaviors were evaluated across seven sub-dimensions: “Physical Training and Planning,” “Technical Skills,” “Mental
Preparation,” “Goal Setting,” “Competition Strategy,” “Positive Coach Behaviors,” and “Negative Coach Behaviors.”
The results of the analyses revealed that participants’ average scores were high and similar across all sub-dimensions
except for negative coach behaviors. This indicates that coaches demonstrated consistent and adequate performance from
both psychological and technical perspectives. When all results are considered together, it can be concluded that coaches’
behaviors support athletes’ development, exhibit a positive structure, and that negative behaviors are perceived at a limited
level. The study also examined whether coach behaviors vary according to age and duration of participation in sports.
The analysis of the Coach Behavior Scale for athletes by age revealed that there were no statistically significant
differences between age groups across all subscales.

Findings: The findings of this study indicate that athletes’ perceptions of coach behavior do not differ significantly based
on the age variable. This result generally aligns with the study conducted by Barut (2018). Similarly, in a study conducted
by Kiigiik (2023) on elite-level wrestlers, it was found that there were significant differences based on age only in the
physical training and planning sub-dimensions. This suggests that while coach behaviors are generally perceived similarly
across age groups, the physical training and planning dimensions may exhibit a more age-sensitive structure. An analysis
of the coach behavior scale for athletes based on duration of participation in sports revealed statistically significant
differences between groups in all subdimensions except for negative coach behaviors. No significant difference was found
in the negative coach behaviors subdimension based on duration of participation in sports. In other words, the duration of
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sports participation does not play a decisive role in the perception of negative behavior. At a young age, shouting,
criticism, and pressure are perceived as more acceptable, and the coach is viewed as a more authoritarian figure; however,
as experience and age increase, the same behavior may be interpreted negatively. On the other hand, in this study, while
coaches in the soccer school sample adopted a more protective and pedagogical approach, the variability of negative
behavior may increase in a university setting due to heightened competition.

Discussion: The findings of this study indicate that athletes’ perceptions of coaches’ behaviors do not differ based on
age; however, it was found that the duration of participation in sports influences perceptions of positive coaching
behaviors, while perceptions of negative coaching behaviors are more consistent across both age and duration of
participation. These findings indicate that coaches’ behaviors play a significant role in athletes’ development and can be
perceived in different ways, particularly depending on the level of experience.

Keywords: Coach, Behavior, Athlete, Football
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Abstract

Football clubs from the Nigeria Premier Football League (NPFL) regularly participate in
continental competitions organized by the Confederation of African Football (CAF),
including the CAF Champions League and CAF Confederation Cup. However, their
performances have remained inconsistent over the years. This study examined the
financial, technical, and tactical factors influencing the performance of NPFL clubs in
CAF continental competitions between 2010 and 2026 using stakeholder perspectives and
archival competition records. A descriptive survey research design was adopted. Using
purposive sampling, 1,300 stakeholders comprising players, coaches, administrators, and
supporters of NPFL clubs were selected, with 1,050 valid responses obtained. Data were
collected through structured questionnaires, while archival records of NPFL clubs’ CAF
performances were analyzed to establish performance trends. Descriptive statistics
including frequency, percentage, mean, and standard deviation, were used for data
analysis, while regression analysis at the 0.05 level of significance tested the hypotheses.
Findings revealed that financial factors significantly influenced club performance (R? =
0.108, F=11.2, p=0.001), while technical and tactical factors also had significant effects
(R2=0.203, F =266.0, p <0.001). Archival CAF records showed inconsistent continental
performance, with NPFL clubs recording 169 wins, 86 draws, and 139 losses. At the same
time, most teams were eliminated at preliminary or early stages, with only four semi-final
appearances recorded. The study concludes that improved financial management and
technical—tactical development are essential for enhancing the competitiveness of NPFL
clubs in CAF competitions.

Keywords: Financial constraints, Technical factors, CAF competitions, Performance,
Nigeria professional football league.
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INTRODUCTION

Football is the most widely followed sport globally, with an estimated five billion fans (FIFA, 2021). Africa,
with a population exceeding 1.5 billion people, is the second-most populous continent after Asia, and football
remains the most popular sport in Nigeria. The country has a strong football tradition, producing talented
players and competitive clubs that participate in continental competitions organized by the Confederation of
African Football (CAF), including the CAF Champions League and CAF Confederation Cup. CAF, the
governing body for football in Africa, oversees club and national competitions across its 54 member
associations and is recognized as the largest continental confederation under FIFA (Ngwafu & Ayuk, 2022).

Despite consistent participation over the years, Nigeria Premier Football League (NPFL) clubs have not won
a CAF club competition for more than two decades. Their performances have remained inconsistent,
characterized by early eliminations, limited progression to advanced stages, and fluctuating match outcomes.
This persistent underperformance has raised concerns among stakeholders regarding the key factors
influencing the competitiveness of Nigerian clubs in continental football.

Previous studies have identified several possible explanations for this trend, particularly financial, technical,
tactical, and structural challenges. Inadequate funding has been shown to limit squad depth, player welfare,
and travel logistics, thereby affecting overall team performance (Obukadeta et al., 2023). Similarly, coaching
guality, tactical adaptability, player fitness, and squad depth have been recognized as important determinants
of competitive success (Page et al., 2023). In addition, structural conditions such as sports infrastructure and
training facilities play a supporting role in ensuring effective preparation and performance (Ali et al., 2022).
However, despite these contributions, empirical studies that jointly examine how financial, technical—tactical,
and structural factors interact to explain the inconsistent performance of NPFL clubs in CAF competitions
remain limited.

Despite extensive studies on financial, technical-tactical, and structural factors in football performance,
existing literature remains largely fragmented, as most studies examine these determinants independently
rather than within an integrated framework. In addition, much of the evidence is derived from European and
other developed football contexts, with limited empirical focus on African club competitions, particularly the
Nigeria Premier Football League (NPFL). This creates a contextual and conceptual gap in understanding how
financial, technical-tactical and structural factors jointly influence club performance in CAF continental
competitions. Against this background, this study develops an integrated analytical framework that combines
financial, technical-tactical and structural determinants to explain the performance of NPFL clubs in CAF
competitions between 2010 and 2026. The study integrates stakeholder perspectives to provide a
comprehensive understanding of the factors influencing performance at the continental level. The findings
provide insights for club managers, league administrators, and policymakers to improve Nigeria’s
competitiveness at the continental competitions.

Research Questions

1. To what extent do financial factors influence the performance of Nigeria Premier Football League
clubs in CAF continental competitions?

2. To what extent do technical, tactical, and structural factors (including coaching quality, squad depth,
player recruitment, training facilities, and institutional support) influence NPFL clubs’ performance in
CAF competitions?

Research Hypotheses
The study tested the following null hypotheses at the 0.05 significance level:

HO1: Financial constraints have no significant effect on the performance of Nigeria Premier Football
League clubs in CAF continental competitions.

HO2: Technical, tactical, and structural factors have no significant effect on the performance of Nigeria
Premier Football League clubs in CAF competitions.

Literature Review
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Financial factors

Financial capacity has consistently been identified as a fundamental determinant of football club performance
at both domestic and international levels. Modern football clubs operate not only as sporting institutions but
also as commercial enterprises requiring substantial financial investment in player recruitment, wages,
facilities, and operational logistics (Aslan, 2018). At the global level, the football industry generates billions
of dollars annually, with elite European leagues accounting for more than half of total football revenues,
highlighting the strong relationship between financial strength and competitive advantage (Deloitte, 2024;
Drust & Slack, 2024).

Empirical evidence suggests that financially stronger clubs are better positioned to assemble high-quality
squads, maintain player welfare, and sustain competitive performance across multiple competitions.
Conversely, financially constrained clubs often experience instability in salary payments, limited squad depth,
and reduced competitive capacity. In the Nigerian context, reports of unpaid salaries and bonuses further
illustrate structural financial weaknesses that affect club stability and performance (Nigerian Concord, 2023;
Voice of America, 2023). These challenges have also been associated with player unrest and administrative
inefficiencies, which ultimately undermine on-field performance (Enenta, 2015). Scholarly studies further
confirm that effective financial management, governance structures, and sustainable investment strategies
significantly influence club performance outcomes (Getnet et al., 2025; Peeters & Szymanski, 2014). Taken
together, the literature suggests that financial constraints reduce competitive effectiveness by limiting access
to quality players and resources, thereby justifying the hypothesis that financial factors significantly influence
club performance in CAF competitions.

Technical, tactical and structural factors

Technical and tactical quality is widely recognized as a central determinant of football performance. Football
performance is inherently dynamic, requiring sustained physical, tactical, and cognitive adaptation throughout
long and congested competitive seasons (Chmura et al., 2019). Studies show that match performance fluctuates
due to factors such as fatigue, squad rotation, and fixture congestion, making technical depth and tactical
flexibility essential for sustained success (Carling et al., 2016; Liu et al., 2016).

Research further demonstrates that teams with greater squad depth, higher-quality players, and better coaching
structures tend to perform more consistently in both domestic and international competitions. For instance,
limited substitution depth and inadequate player preparation have been linked to poor performance in
congested tournament schedules such as CAF competitions (Hollander et al., 2024). Similarly, cognitive and
physical overload during match cycles has been shown to negatively affect both individual and team
performance outcomes (Kunrath et al., 2020).

Also, studies emphasize the importance of player quality, tactical organization, and team cohesion in
determining success. Investment in player talent, balanced squad compaosition, and strategic transfer decisions
significantly enhance performance outcomes (Gasparini, 2024; Karaman, 2025). Beyond individual skill, team
coordination, coaching quality, and organizational culture are also critical for sustaining competitive advantage
(Cruzetal., 2022; Pérez-Gonzalez et al., 2022). Collectively, this body of literature supports the argument that
technical and tactical factors are major determinants of football club performance, particularly in high-intensity
continental competitions. In addition, Babatunde (2015), noted that the effective structure is very vital to the
success of any organization or team. Furthermore, Samur (2018) suggested that the main processes or structure
of football management and units covering football are the finance, logistic support, football transfer, team
management and team intelligence, and all these must be transformed into a well-structured functioning
horizontal system.

METHODOLOGY

This study adopted a descriptive survey research design complemented with archival analysis of CAF
competition records. The population comprised stakeholders associated with clubs participating in the Nigeria
Premier Football League (NPFL) during the 2025/2026 season. These stakeholders included coaches, players,
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club officials, administrators, supporters, and spectators who were considered knowledgeable about the
operational and competitive realities of NPFL clubs in CAF competitions. A purposive sampling technique
was employed to select 1,300 respondents from selected NPFL clubs based on their direct involvement and
experience in club football administration and competition. The sampling approach was considered appropriate
because it enabled the selection of respondents with relevant knowledge of the financial, technical, tactical,
and structural conditions influencing club performance. Out of the 1,300 questionnaires distributed, 1,050 were
correctly completed and returned, representing an 80.8% response rate. Data were collected using two self-
developed instruments: The Financial Constraints Factors and Performance Questionnaire (FCFPQ) and the
Technical and Tactical Factors Questionnaire (TTFQ). The instruments were developed based on variables
identified in previous literature relating to football club performance, including funding, player welfare,
coaching quality, squad depth, tactical adaptability, player recruitment, and infrastructural support. The
guestionnaires consisted of structured items measured on Likert-type scales. Face and content validity were
established through expert review by specialists in sports management and measurement and evaluation, who
assessed the relevance, clarity, and adequacy of the instrument items. Reliability testing using Cronbach’s
alpha vyielded coefficients of 0.84 for the FCFPQ and 0.81 for the TTFQ, indicating acceptable internal
consistency. The questionnaires were administered personally by the researcher and trained assistants across
selected clubs to ensure clarity of responses and improve retrieval rates. Different criterion means were adopted
based on the response scales used in the instruments. For items measured on a five-point influence scale
ranging from Very High Influence (5) to Very Low Influence (1), the criterion mean was calculated as 3.00.
However, for items measured on a four-point agreement scale ranging from Strongly Agree (5) to Strongly
Disagree (2), the criterion mean was calculated as 3.50. These criterion means served as benchmarks for
interpreting respondents’ responses. Both descriptive and inferential statistics were used for data analysis.
Descriptive statistics, including frequencies, percentages, mean (X), and standard deviation (SD), were used to
summarize respondents’ perceptions, while regression analysis was used to test the hypotheses at the 0.05 level
of significance. In addition, secondary data on the performance of NPFL clubs in CAF competitions between
2010 and 2026 were obtained from official CAF competition records. CAF performance was operationalized
using indicators such as number of matches played, wins, draws, losses, and stages reached in the CAF
Champions League and CAF Confederation Cup. The archival data were analyzed descriptively to establish
historical performance trends and provide contextual evidence supporting the stakeholder survey findings. The
guestionnaire data and archival records were integrated through complementary interpretation, whereby
stakeholders’ perceptions of financial, technical—tactical, and structural factors were examined alongside the
historical competitive outcomes of NPFL clubs in CAF competitions.

Table 1: Demographic Characteristics of the study Participants (N = 1050)

Parameters Frequency (f) Percentages (%)
Age
17-25 years 233 22.2
26-35 years 385 36.7
35 years & above 432 41.1
Total 1050 100
Sex
Male 835 79.5
Female 215 20.5
Total 1050 100
Tribe
Yoruba 432 41.1
Igho 325 31.0
Hausa 260 24.8
Others 33 3.1
Total 1050 100
Level of Education
Primary Education 55 5.2
Secondary Education 462 44.0
Tertiary Education 533 50.8
Total 1050 100
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Status in Football

Football Coach 21 2.0
Football Club Official 42 4.0
Football Administrator 25 2.4

Football Player 215 20.5

Football Spectator 287 27.3
Football Fan 460 43.8
Total 1050 100

Source: Field Survey, 2026

RESULTS and DISCUSSION

Research Question 1: To what extent do financial factors influence the performance of Nigeria Premier
Football League clubs in CAF continental competitions?

Table 2. Mean and Standard Deviation Scores of Stakeholders’ Perception of Financial Factors Influencing
Performance of Nigerian Football Clubs in CAF Continental Competitions (N= 1,050)

SIN Statement VHI (%) HI (%) MI (%) LI%) VLI(%) Mean SD
1 Inadequate club funding influences Nigerian 440 345 194 46 25 408 094
clubs’ performance in CAF competitions (41.90%) (32.86%) (18.48%) (4.38%) (2.38%) '
Delay in payment of players’ salaries
2 influences Nigerian clubs’ performance in 550 326 115 31 28 4.28 091
CAF competitions (52.38%) (31.05%) (10.95%) (2.95%) (2.67%)
Lack of match bonuses and incentives
3 influences Nigerian clubs’ performance in 439 306 183 n 47 3.97 1.01
CAF competitions (41.81%) (29.14%) (17.43%) (7.14%) (4.48%)
Inadequate sponsorship support influences
S , . 358 393 212 49 38
4 Nigerian clu(?osmgzif:[(;grl]l:nce in CAF (34.10%) (37.43%) (20.19%) (4.67%) (3.62%) 3.94 0.97
Insufficient financial capacity to recruit
5 quality players influences performance in alr 386 202 33 12 4.11 0.89
CAF competitions (39.71%) (36.76%) (19.24%) (3.14%) (1.14%)
Inadequate financial support for international
: - 394 372 205 62 17
6 travel mfluer;%erTs]F[)J;ri];?grrgance in CAF (37.52%) (35.43%) (19.52%) (5.90%) (1.62%) 4.01 0.92
Poor financial management influences
o \ . 493 343 127 52 35
7 Nigerian clué)osmg:it;(zgr;l:nce in CAF (46.95%) (32.67%) (12.10%) (4.95%) (3.33%) 4.15 0.95
Insufficient budget allocation for training and
8  preparation influences performance in CAF 372 416 162 4 26 3.98 0.96

0 0, 0, 0, 0,
competitions (35.43%) (39.62%) (15.43%) (7.05%) (2.48%)

Criterion Mean = 3.00, SD =1.41

Table 2 presents stakeholders’ perceptions of the financial factors influencing the performance of Nigerian
football clubs in CAF continental competitions. The findings show that all listed financial factors recorded
mean scores above the criterion mean of 3.00, indicating that respondents perceived them as important
influences on club performance. Delay in payment of players’ salaries recorded the highest mean score (X =
4.28, SD = 0.91), followed by poor financial management (x = 4.15, SD = 0.95) and insufficient financial
capacity to recruit quality players (x = 4.11, SD = 0.89). In addition, a large proportion of respondents rated
several factors as having a very strong influence, including delay in payment of players’ salaries (83.43%),
poor financial management (79.62%), inadequate club funding (74.76%), and insufficient financial capacity
to recruit quality players (76.47%). Overall, the findings suggest that stakeholders perceive financial
constraints as major factors influencing the performance of Nigerian football clubs in CAF competitions
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The findings suggest that adequate financial resources are essential for improving club performance in CAF
competitions, particularly in areas such as player welfare, recruitment quality, training preparation, and
international travel. Stakeholders strongly perceived delayed salary payments, poor financial management, and
inadequate funding as major constraints affecting club competitiveness. These findings are consistent with
previous studies emphasizing the importance of sustainable financial structures and effective financial
management in football organizations. Cirak (2020) highlighted the role of structured financial management
systems in improving club competitiveness amid increasing transfer and operational costs, while Kaka’an et
al. (2024) emphasized the need for transparent and sustainable financial frameworks to support long-term
football development. In addition, Ali et al. (2022) and Rahmani et al. (2024) both noted that financial
resources directly influence the provision of facilities, equipment, and athlete development, while Getnet et al.
(2025) reported that financial investment significantly contributes to player development, organizational
stability, and overall club performance outcomes.

Research Question 2: To what extent do technical, tactical, and structural factors (including coaching quality,
squad depth, player recruitment, training facilities, and institutional support) influence NPFL clubs’
performance in CAF competitions?

Table 3. Mean and Standard Deviation Scores of Stakeholders’ Perception of Technical and Tactical Factors
Influencing Performance in CAF Competitions (N = 1,050)

Strongly Agreed f Disagreed f Strongly

SIN Statement Agreed f (%) (%) (%) Disagreed f (%) M®" SP
Coaching quality affects Nigerian 0 453 0 0
1 clubs’ CAF performance 414 (39.43%) (43.14%) 124 (11.81%) 59 (5.62%) 4.16 0.86
2 Poor tactical preparation contributes 372 (35.43%) 412 116 (11.05%) 150 (14.29%)  3.91 1.08
to poor CAF performance ' (39.24%) ' ' ' '
Lack of squad depth affects CAF 0 419 0 0
3 performance 345 (32.86%) (39.90%) 183 (17.43%) 103 (9.81%)  3.96 0.97
Poor player recruitment affects CAF 0 486 0 0
4 performance 412 (39.24%) (46.29%) 115 (10.95%) 37 (3.52%) 421 0.78
Lack of experienced players affects 0 452 0 0
5 CAF performance 403 (38.38%) (43.05%) 112 (10.67%) 83 (7.90%) 4.12 0.89
Poor training programs affect CAF 0 453 0 0
6 performance 414 (39.43%) (43.14%) 119 (11.33%) 64 (6.10%) 4.16 0.85
Poor team coordination affects CAF 0 439 0 0
7 performance 391 (37.24%) (41.81%) 122 (11.62%) 108 (10.29%)  4.06 0.93
Poor physical fitness affects CAF 0 472 0 0
8 performance 441 (42.00%) (44.95%) 82 (7.81%) 55 (5.24%) 4.23 0.80

Criterion Mean = 3.50

Table 3 presents stakeholders’ perceptions of the extent to which technical, tactical, and structural factors
influence the performance of Nigeria Premier Football League (NPFL) clubs in CAF continental competitions.
The results indicate that all the identified factors were perceived to have a strong influence on club
performance, as their mean scores exceeded the criterion mean of 3.50. Among the factors, poor physical
fitness recorded the highest mean score (X = 4.23, SD = 0.80), followed by poor player recruitment (x = 4.21,
SD = 0.78), coaching quality (X = 4.16, SD = 0.86), and poor training programmes (X = 4.16, SD = 0.85). In
addition, a large proportion of respondents either strongly agreed or agreed with key statements, including
poor physical fitness (86.95%), poor player recruitment (85.53%), and coaching quality (82.57%). Other
factors, such as lack of experienced players, squad depth, tactical preparation, and team coordination, were
also perceived as important contributors to performance outcomes. Overall, the findings suggest that
stakeholders perceive technical, tactical, and structural conditions as important influences on the performance
of NPFL clubs in CAF competitions.

The findings suggest that technical, tactical, and structural components are important determinants of football
club performance in CAF competitions, particularly in areas such as player quality, tactical organization, squad
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depth, physical preparation, coaching effectiveness, and institutional support systems. This implies that
successful performance in CAF competitions depends not only on individual player talent but also on collective
team structure, training quality, tactical adaptability, and the overall organizational environment supporting
club operations. The findings align with previous studies emphasizing the importance of coaching quality,
player development, and tactical organization in football success. Ferri et al. (2017) and Cruz et al. (2022)
highlighted the significance of player and coach quality in determining club performance, while Pérez-
Gonzalez et al. (2022) emphasized the role of team cohesion and strategic structure in achieving competitive
success. Similarly, Page et al. (2023) and Hollander et al. (2024) noted that squad depth, fitness levels, and
tactical adaptability are critical in congested competition schedules such as CAF tournaments. In addition,
Gasparini (2024) stressed the importance of squad composition factors such as player market value, age
distribution, and balanced transfer investment in determining team performance outcomes. Karaman (2025)
further affirmed that balanced squad investment across all playing positions is essential, as excessive
concentration on attacking roles may create defensive weaknesses that negatively affect overall team
performance. Furthermore, the findings support the position of Chmura et al. (2019), who argued that sustained
technical and physical performance throughout a competitive season is necessary for achieving successful
long-term outcomes, while Kunrath et al. (2020) observed that cognitive and physical overload can negatively
affect both individual and collective team performance. Overall, the findings reinforce the argument that
effective technical preparation, tactical organization, player development, and supportive structural conditions
are essential for improving the continental competitiveness of NPFL clubs.

Test of Hypotheses

Hypothesis 1: Financial constraints have no significant effect on the performance of Nigerian football clubs
in CAF continental competitions.

Table 4: Regression of Financial constraints effect on the performance of Nigerian football clubs in CAF continental
competitions

Multiple R = 0.33

Multiple R? = 0.108

Adjusted R? = 0.107

Std. Error of the Estimate = 0.639

Model Sum of Squares df Mean Square F Sig. of F
Regression 45.60 1 45.60 11.2 0.001
Residual 427.39 1048 0.408
Total 472.99 1049

*indicate significant F at a = .05

The regression analysis indicates that financial constraints have a statistically significant effect on the
performance of Nigerian football clubs in CAF continental competitions (F = 11.2, p = 0.001). Since the p-
value is less than 0.05, the null hypothesis is rejected. This implies that financial constraints significantly
influence club performance in CAF competitions. The coefficient of determination (R? = 0.108) shows that
financial constraints explain 10.8% of the variation in CAF performance. This indicates a statistically
significant but relatively modest contribution of financial factors to performance outcomes.

The remaining variation in CAF performance is explained by other factors within the study framework,
including technical, tactical and structural factors (such as coaching quality, squad depth, and player
recruitment) and structural factors (such as institutional support and training infrastructure). This suggests that
club performance is multifactorial, with financial capacity interacting with other organizational and
competitive conditions to shape outcomes in CAF competitions.

The findings suggest that financial, technical/tactical, and structural factors collectively contribute to football
club performance in competitive settings, particularly in CAF continental competitions. This implies that club
performance is shaped by an interaction of resource availability, technical capacity, and organizational
conditions rather than a single determinant. This finding is supported by prior research across different
contexts. For instance, Scanlan et al. (2016) emphasized that athletes operating in supportive environments
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demonstrate higher motivation and improved performance outcomes, while Bonnefoy et al. (2017) further
confirmed that training environments significantly influence physical development and performance gains.

In relation to technical and coaching quality, Ferri et al. (2017) found that player and coach quality plays a
central role in determining football club performance, highlighting the importance of technical competence in
competitive success.

Also, from a structural and administrative perspective, Erhinyodavwe (2018) identified administrative
inefficiencies, poor remuneration, and inadequate funding as key structural challenges limiting the productivity
of Nigerian professional football clubs. Similarly, Adeniran (2018) reported that weak financial governance,
poor branding, and lack of transparency discourage sponsorship and negatively affect club performance.
Furthermore, Cirak (2020) emphasized that structured financial management is essential for club
competitiveness, particularly in response to rising transfer costs, while Cruz et al. (2022) confirmed that player
development, coaching quality, and team characteristics significantly influence football performance
outcomes.Overall, the convergence of these studies supports the present finding that football club performance
is multidimensional, requiring adequate financial resources, strong technical and tactical capacity, and
effective structural and organizational support systems to achieve consistent success in high-level
competitions.

Hypothesis 2: Technical, tactical, and structural factors have no significant effect on the performance of
Nigeria Premier Football League clubs in CAF competitions.

Table 5: Regression of technical and effect on the performance of Nigerian football clubs in CAF competitions.

Multiple R = 0.45

Multiple R = 0.203

Adjusted R? = 0.202

Std. Error of the Estimate = 0.598

Model Sum of Squares df Mean Square F Sig. of F
Regression 95.23 1 95.23 266.0 0.000
Residual 375.05 1048 0.358
Total 470.28 1049

*indicate significant F at a = .05

The regression results show a multiple correlation coefficient (R = 0.45), indicating a moderate relationship
between technical, tactical, and structural factors and the performance of Nigerian football clubs in CAF
competitions. The coefficient of determination (R* = 0.203) indicates that these factors jointly explain 20.3%
of the variation in CAF performance, while 79.7% is explained by other factors not included in the model. The
ANOVA results show that the regression model is statistically significant (F = 266.0, p < 0.001), indicating
that technical, tactical, and structural factors have a statistically significant effect on CAF performance. Since
the p-value is less than 0.05, the null hypothesis is rejected. This implies that improvements in technical,
tactical, and structural conditions are associated with better performance of Nigerian football clubs in CAF
competitions. These results suggest that aspects such as coaching quality, squad depth, player recruitment,
training quality, and institutional support structures collectively contribute to performance outcomes in
continental competitions.

The findings indicate that technical and tactical factors have a significant influence on the performance of
Nigerian football clubs in CAF competitions. This suggests that improvements in coaching quality, squad
depth, player recruitment, training programmes, and physical fitness contribute positively to competitive
outcomes. This finding is supported by literature emphasizing the role of financial and structural support
systems in football development. Ali et al. (2022) and Rahmani et al. (2024) highlighted that adequate funding
enhances access to training facilities, equipment, and athlete development, which indirectly strengthens
technical preparation and performance outcomes. Beyond financial-related support, organizational and
structural conditions also influence team effectiveness. Orunbayev (2023) emphasized that stable management
and effective decision-making improve consistency in team performance, while weak governance structures
negatively affect preparation, recruitment, and overall team stability. Similarly, Gasparini (2024) noted that
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poor club administration and lack of strategic planning hinder effective squad development and match
preparation.

Also, Physical demands and competition structure further affect performance outcomes in CAF competitions.
Hollander et al. (2024) reported that limited squad depth and congested fixture schedules negatively affect
team performance in continental competitions. In addition, FIFPRO (2022) and Thron et al. (2022) found that
excessive match load and insufficient recovery time significantly impair player performance and recovery
capacity. Equally, Gouttebarge et al. (2019) and Pillay et al. (2022) reported that professional footballers
frequently experience high workload demands and increased injury risk due to fixture congestion and
inadequate recovery periods.

Overall, the convergence of these studies supports the present finding that technical, tactical, and structural
factors collectively determine the performance of Nigerian football clubs in CAF competitions.

Table 6. Performance of NPFL Football Clubs in the CAF Confederation Cup (2010-2026)

Season Competltmn. CAF Matches Win Draw Losses Stage Reached
Confederation cup Played
2009/2010 Warri wolves FC 6 3 1 2 Second Round
Enyimba FC 4 2 - 2 Play-off Round
2010/2011 Sunshine Stars FC 14 7 4 3 Semi-final
Kaduna United FC 12 5 2 5 Group Stage
2011/2012 Warri wolves FC 4 2 1 1 Second Round
Heartland FC 4 2 1 1 Second Round
2012/2013 Lobi Stars FC 2 1 - 1 First Round
Heartland FC 2 1 1 First Round
Enugu Rangers FC 2 1 - 1 Play-off Round
2013/2014 Bayelsa United FC 8 3 1 4 Play-off Round
Warri wolves FC 4 1 2 1 Second Round
2014/2015 Warri wolves FC 8 4 1 3 Play-off Round
Dolphins FC 4 1 - 3 First Round
2015/2016  Nasarawa United FC 4 2 1 1 First Round
Akwa United FC 2 1 - 1 Preliminary Round
2016/2017 Wiki Tourists FC 2 1 - 1 Preliminary Round
Ifeanyi Ubah FC 2 1 - 1 Preliminary Round
Enugu Rangers FC 2 - 1 1 Play-off Round
Rivers United FC 8 3 1 4 Group Stage
2017/2018 Enyimba FC 14 7 3 4 Semi-final
Akwa United FC 6 4 - 2 Play-off Round
Plateau United FC 2 1 - 1 Play-off Round
MFM FC 2 - 1 1 Play-off Round
2018/2019 Enugu Rangers FC 10 4 3 3 Group Stage
Ended only the winner .
2018/2019 NPFL abruptly FA Cup qualified for CAF  Confederation Cup
2019/2020 Enugu Rangers FC 8 1 3 4 Group Stage
Niger Tornadoes 2 - 1 1 Preliminary Round
Enyimba FC 10 5 2 3 Quarter-Final
2020/2021 Rivers United FC 6 4 - 2 Play-off Round
Kano Pillars FC 2 - 1 1 Preliminary Round
Enyimba FC 10 4 1 5 Quarter-Final
2021/2022 Enyimba FC 4 3 - 1 Play-off Round
Bayelsa United FC 3 1 - 2 Second Round
Rivers United FC 2 1 - 1 Play-off Round
2022/2023 Remo Stars FC 2 - 1 1 Preliminary Round
Kwara United FC 4 2 1 1 Second Round
Plateau United FC 2 1 - 1 Play-off Round
Rivers United FC 10 4 3 3 Quarter-Final
2023/2024 Rivers United FC 10 6 1 3 Quarter-Final
Bendel Insurance 4 1 1 2 Second Round
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2024/2025 Enyimba FC 8 1 4 3 Group Stage
El-Kanemi FC 2 - 1 1 First Round

2025/2026 Abia Warriors FC 2 - 1 1 First Round
Kwara United FC 2 1 - 1 First Round

The table presents the performance of Nigerian Professional Football League (NPFL) clubs in the CAF
Confederation Cup between 2010 and 2026. The data show that Nigerian clubs participated in the competition
across multiple seasons, with varying levels of success. Across the period under review, NPFL clubs
collectively recorded 278 matches, comprising 119 wins (42.8%), 58 draws (20.9%), and 101 losses (36.3%).
A total of 23 different clubs represented Nigeria in the competition, with Enyimba FC and Rivers United FC
recording the highest frequency of participation. In terms of competitive progression, only a small proportion
of clubs advanced to the later stages of the competition. Two semi-final appearances were recorded (Sunshine
Stars FC in 2010/2011 and Enyimba FC in 2017/2018), while a limited number of quarter-final qualifications
were achieved across the study period. The majority of clubs were eliminated at the preliminary, first, or play-
off rounds, indicating inconsistent continental performance. Although slight improvements were observed
between 2017 and 2024, particularly among clubs such as Enyimba FC and Rivers United FC recent seasons
(2024-2026) show a return to early-stage eliminations, suggesting persistent challenges affecting sustained
competitiveness. Variations in match counts and progression stages across seasons reflect structural
differences within CAF competitions, including entry stages, qualification pathways, and occasional changes
in competition format. These contextual factors should be considered when interpreting participation and
performance trends of NPFL clubs in CAF competitions.

Table 7. Performance of NPFL Football Clubs in the CAF Champions League (2010—-2026)

Season Compejutlon. CAF Matches Win Draw Losses Stage Reached
Champions League Played
2009/2010 Bayelsa United FC 2 - 1 1 Preliminary Round
Heartland FC 10 2 5 3 Group Stage
2010/2011 Enyimba FC 14 8 5 1 Semi-Final
Kano Pillars FC 4 2 1 1 First Round
2011/2012 Dolphins FC 4 3 - 1 First Round
Sunshine Stars FC 12 6 5 1 Semi-Final
2012/2013 Kano Pillars FC 4 2 1 1 First Round
Enugu Rangers FC 4 1 2 1 Second Round
2013/2014 Kano Pillars FC 2 1 - 1 Preliminary Round
Enyimba FC 4 2 - 2 First Round
2014/2015 Kano Pillars FC 4 3 - 1 First Round
Enyimba FC 4 3 - 1 First Round
2015/2016 Warri Wolves FC 2 - - 2 First Round
Enyimba FC 10 4 1 5 Group Stage
2016/2017 Enugu Rangers FC 4 1 2 1 First Round
Rivers United FC 4 2 1 1 First Round
2017/2018 Plateau United FC 4 3 - 1 First Round
MFM FC 4 2 1 1 First Round
2018/2019 Lobi Stars FC 10 4 1 5
Lobi Stars  qualified leaders  represent NPFL at
NPFL ended after Matchday 24 FC as o CAF 2019
2019/2020 Enyimba FC 4 2 1 1 First Round
Kano Pillars FC 2 1 - 1 Preliminary Round
2020/2021 Plateau United FC 2 - 1 1 Preliminary Round
Enyimba FC 4 2 1 1 First Round
2021/2022 Akwa United FC 2 1 - 1 First Round
Rivers United FC 4 2 1 1 Second Round
2022/2023 Plateau United FC 4 1 1 2 Second Round
Rivers United FC 4 3 1 1 Second Round
2023/2024 Enyimba FC 2 - 1 1 First Round
Remo Stars FC 2 1 - 1 First Round
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2024/2025 Enugu Rangers FC 4 2 1 1 Second Round
Remo Stars FC 2 1 - 1 First Round

2025/2026 Rivers United FC 10 2 2 6 Group Stage
Remo Stars FC 4 2 - 2 Second Round

The table presents the performance of Nigerian Professional Football League (NPFL) clubs in the CAF
Champions League between 2010 and 2026. The data show that Nigerian clubs participated in the competition
across multiple seasons, with varying levels of success. Across the period under review, NPFL clubs
participated 35 times, involving 16 different clubs. A total of 116 matches were played, with 50 wins (43.1%),
28 draws (24.1%), and 38 losses (32.8%). Enyimba FC recorded the highest number of participations, followed
by Rivers United FC, indicating their consistency in continental competitions. In terms of progression, only
two semi-final appearances were recorded (Enyimba FC in 2010/2011 and Sunshine Stars FC in 2011/2012).
The majority of clubs were eliminated at the preliminary or first-round stages, indicating limited consistency
and competitiveness at the continental level. Although occasional improvements were observed across certain
seasons, particularly among Enyimba FC and Rivers United FC, overall performance remained inconsistent
over the study period. Variations in match counts and progression stages across seasons reflect structural and
organizational differences within CAF competitions, including entry stages and qualification pathways. These
contextual factors should be considered when interpreting NPFL clubs’ performance trends in the CAF
Champions League.

Conclusion

This study examined the financial and technical factors influencing the performance of Nigerian football clubs
in continental competitions organized by the Confederation of African Football, particularly the CAF
Champions League and the CAF Confederation Cup. The findings revealed that financial factors such as
delayed payment of players’ salaries, inadequate funding, poor financial management, and limited sponsorship
significantly influence the performance of clubs from the Nigeria Professional Football League in CAF
competitions. The regression analysis further confirmed that financial constraints have a significant negative
effect on club performance. The results also showed that technical and tactical factors, including coaching
quality, squad depth, player recruitment, training programmes, and physical fitness, significantly influence
performance outcomes in CAF competitions. Clubs with stronger technical preparation and balanced squads
tend to perform better in continental tournaments. Overall, the study concludes that both financial management
and technical capacity are important determinants of the competitiveness of Nigerian football clubs in CAF
competitions.

Recommendations
Based on the findings from the research questions and hypotheses, the following recommendations are made:

1. Football clubs should improve financial planning and budgeting to ensure adequate funding for player
welfare, travel logistics, and competition preparation.

2. Clubs should invest in qualified coaching staff, effective training programmes, and improved player
recruitment strategies to strengthen tactical preparation and squad depth.

3. Football governing bodies and league administrators should implement financial monitoring systems
and encourage sponsorship partnerships to reduce financial constraints affecting club performance.

4. Football clubs should prioritize player fitness, structured training schedules, and tactical development
to improve their competitiveness and performance in CAF competitions.
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Abstract

This study aims to examine Hyrox—a modern endurance sport founded in Germany in
2017 that rapidly gained global popularity—from a sports science perspective. Hyrox
consists of eight rounds, each comprising a 1 km run followed by a functional exercise
station, engaging both aerobic and anaerobic energy systems simultaneously. The
exercises involved target key physiological components including strength, endurance,
and coordination. The functional training literature was also reviewed; the sagittal-plane
emphasis of Hyrox stations was found to distinguish it clearly from similar disciplines
such as CrossFit, while evidence supports the positive effects of functional training on
muscular endurance, VO2max, and neuromuscular adaptations. Regarding nutrition, high
carbohydrate intake, adequate protein support, and ergogenic aids such as creatine are
recommended for Hyrox athletes given the extended duration and high intensity of
competitions. The health risks associated with the open-entry format of the competitions
were also addressed, and pre-participation screening protocols—including PAR-Q forms,
medical clearance, and movement proficiency assessment—are proposed. In conclusion,
this study comprehensively presents the structural characteristics, physiological demands,
nutritional strategies, and health risks of Hyrox, and aims to contribute to the limited
existing literature with practical recommendations for researchers and practitioners in the
field.

Keywords: Hyrox, Functional training, Endurance, Sports nutrition, Energy systems.

Ozet

Bu ¢alisma, 2017 yilinda Almanya’da kurulan ve kiiresel 6l¢ekte hizla yayilan yeni nesil
bir dayaniklilik sporu olan Hyrox’u spor bilimleri perspektifinden incelemeyi
amaglamaktadir. Hyrox, her biri 1 km kosu ve ardindan gelen bir fonksiyonel egzersiz
istasyonundan olusan sekiz turlu bir yarigma formatina sahiptir. Bu yapi; aerobik ve
anaerobik enerji sistemlerinin e zamanli kullanimini gerektirmekte, kuvvet, dayaniklilik
ve koordinasyon gibi temel fizyolojik bilesenleri hedef almaktadir. Calismada
fonksiyonel antrenman literatiirii de incelenmis; Hyrox’un sagittal diizleme odaklanan
istasyon yapisinin CrossFit gibi benzer disiplinlerden belirgin bigimde ayristig
gOriilmiistlir. Bunun yan1 sira, fonksiyonel antrenmanin kas dayanikliligi, VO2max ve
noromiiskiiler adaptasyonlar tizerindeki olumlu etkileri tartigilmistir. Beslenme agisindan,
yarigma siiresinin uzunlugu ve yiiksek yogunlugu nedeniyle Hyrox sporcularina yiiksek
karbonhidrat alimi, uygun protein destegi ve kreatin gibi ergojenik yardimcilarin
kullanimi &nerilmektedir. Ote yandan, yarismalara katilim kosullarinin esnek yapisinin
beraberinde getirdigi saglik riskleri ele alinmis; PAR-Q formu, doktor onay1 ve hareket
yeterliligi degerlendirmesi gibi 6n tarama protokolleri onerilmistir. Sonug olarak bu
calisma, Hyrox un yapisal 6zelliklerini, fizyolojik taleplerini, beslenme stratejilerini ve
saglik risklerini kapsamli bi¢cimde ortaya koymakta; alandaki aragtirmaci ve
uygulayicilara yonelik somut Onerileri ile sinirli olan mevcut literatiire katki saglamay1
hedeflemektedir.

Anahtar Kelimeler: Hyrox, Fonksiyonel egzersiz, Dayaniklilik, Sporcu beslenmesi,
Enerji sistemleri
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INTRODUCTION

Hyrox was founded in 2017 in Germany by Christian Toetzke and three-time Olympic medalist and world
champion Moritz Fiirste (HYROX, 2023). Hyrox competitions are currently held in 11 countries and over 30
cities. The name “HYROX” is a mix of “Hybrid” and “Rockstar” (HYROX, 2023). When examining global
fitness trends, it is evident that functional training and high-intensity interval workouts are gaining increasing
popularity and are expected to become even more widespread by 2025 (A’Naja et al., 2024). In this context,
Hyrox has effectively capitalized on this trend by combining functional training—a dominant fitness
modality—uwith running, an accessible and widely practiced form of exercise. Since its inception, Hyrox has
experienced rapid growth in popularity.

As its founder Christian Toetzke noted, the rapid success of Hyrox can be attributed to the inclusivity of the
competitions, which allow large groups to participate simultaneously, and to the fact that the functional
exercises involved are relatively easy to learn and do not require advanced technical skills (Liberatore, 2023).
According to Coleman and Sebire (2017), such mass participation events promote social connectedness, which
may explain the swift rise in Hyrox’s appeal. Unlike similar disciplines such as CrossFit, Hyrox stands out for
its shorter learning curve and accessibility (Claudino et al., 2018). Furthermore, considering the physical and
mental health benefits of both running and functional exercises, the exponential spread of this new generation
sport becomes even more understandable (Folkins and Sime, 1981; Malchrowicz-Mosko and Poczta, 2018;
Shipway & Holloway, 2010; Xiao et al., 2021).

A Hyrox competition consists of eight rounds (Table 1), each of which starts with a 1 km run followed by a
different functional exercise (HYROX, 2023; Williams, 2023). These exercises include the ski ergometer, sled
push, sled pull, burpee broad jump, rowing ergometer, farmer's carry, sandbag lunge, and wall-ball (HYROX,
2025). The term “Hyrox workout” can be used interchangeably with “Hyrox competition” as the workout itself
mirrors the competition. Training sessions typically last between 55 minutes to 2 hours and 30 minutes
(HYROX, 2025). This duration is comparable to that of a half marathon or a marathon event (Nikolaidis et al.,
2017). Accordingly, Hyrox performance appears to be strongly correlated with the development of the aerobic
energy system, and athletes with a high VO2max tend to perform better (Coyle, 2007). On the other hand, the
functional exercise segments between runs require sustained effort over 2 to 4 minutes on average (Table 2),
thus engaging anaerobic energy systems as well (Menz et al., 2019). All eight stations involve high-intensity
efforts that exceed the aerobic threshold and develop lactic acid tolerance (Bishop, 2008; Spriet, 2022).
Therefore, Hyrox can also be classified as a sport that emphasizes muscular endurance.

N7 DVE
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Figure 1. General view of a Hyrox competition. Source: Unsplash (CCO License).
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Table 1. Hyrox Competition Flow

Round 1 2 3 4 5 6 7 8
Run Distance (km) 1 1 1 1 1 1 1 1

. . Burpee
Functional Station Ski Erg Sled Sled Broad  Row erg Farmers Sandbag  Wall-

Exercise Push Pull Carry Lunge Ball

Jump

Table 2. Hyrox Competition Categories and Functional Station Standards

Functional Station /
Category Distance-

2. Women Open Men Open Women Pro Men Pro
Repetition and
Weight Standards
Ski Erg 1000 m 1000 m 1000 m 1000 m
Sled Push 50 m/ 102 kg 50 m/ 152 kg 50 m/ 152 kg 50 m /202 kg
Sled Pull 50 m/ 78 kg 50 m/ 103 kg 50 m/ 103 kg 50 m /153 kg
Burpee Broad Jump 80m 80m 80m 80m
Row Erg 1000 m 1000 m 1000 m 1000 m
Farmers Carry 200m/2x16kg 200m/2x24kg 200m/2x24Kg 200m/2x32kg
Sandbag Lunge 100 m/ 10 kg 100 m/ 20 kg 100 m/ 20 kg 100 m/ 30 kg
Wall-Ball 100 reps / 4 kg 100 reps / 6 kg 100 reps / 6 kg 100 reps / 9 kg

Physical and Physiological Components of Hyrox Competitions and Training

An examination of Hyrox training methods reveals that both aerobic and anaerobic energy systems are
significantly utilized. Since scientific studies specifically analyzing Hyrox are still limited, insights can be
drawn by comparing it with similar disciplines such as triathlon, decathlon, and CrossFit. The duration of effort
in Hyrox is generally between that of a sprint (quarter) triathlon and a half-triathlon (Sousa, 2021), suggesting
a strong reliance on aerobic metabolism. Consequently, Hyrox performance is expected to be positively
correlated with VO2max levels. However, unlike triathlon events where the effort is continuous and performed
at a steady pace, the functional exercise stations in Hyrox demand strength and muscular endurance. In these
stations, lactic acid tolerance becomes a key determinant of performance (O’Toole et al., 1989). Therefore,
Hyrox can be classified as a hybrid sport requiring both cardiovascular endurance and muscular stamina.
Furthermore, these are all in line with a recent experiment done where participants finished a Hyrox simulation
in 86.5 (14.5) minutes, where their findings are that this sport is done in high intensity considering their heart
rate and blood lactate values on the higher end (average 173.7 (19.5) bpm and 8.5 (5.4) mmol/L accordingly)
(Brandt et al., 2025).

Functional Station 1: Ski Ergometer

This station is included in all competition categories (professional and amateur), and the set distance is 1000
meters. All races utilize the “Concept2” brand SkiErg machine. Ski ergometer training has been shown to
improve isokinetic strength and muscular endurance (Horyna et al., 2016). It also contributes to the
development of anaerobic glycolysis (Bakhareva et al., 2021). In a study by Carlsson et al. (2017), cross-
country skiers performed two weekly 40-minute ski erg sessions, resulting in a significant increase in VO2max
levels among all participants.
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Figure 2. Ski Erg station. Source: Unsplash (CCO License).

Functional Station 2: Sled Push

In this station, all categories cover a 50-meter distance, with sled weight varying by competition category (see
Table 2). Competitors must push the sled from start to finish using primarily lower body and full-body strength.
The movement is largely driven by knee extension, and in addition to the quadriceps, other lower extremity
muscles also play a critical role (Bernard et al., 2021). Sled push exercises promote positive adaptations in
both cardiovascular and neuromuscular systems (Baumann, 2022). In a separate study by Bernard et al. (2021),
the sled push was found to induce muscular hypertrophy in the lower extremity along with neuromuscular
development.

Figure 3. Sled Push station. Source: Unsplash (CCO License).

Functional Station 3: Sled Pull

Similar to the sled push, the sled pull also involves a 50-meter distance with variable sled weights depending
on the category. Athletes must pull the sled toward themselves using an attached rope, remaining stationary
within a 1m? area as required by the rules. Unlike the sled push, the sled pull creates different neuromuscular
adaptations and is shown to enhance acceleration ability (Winwood et al., 2015). In an experimental study
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comparing both movements, the sled pull did not significantly affect anaerobic performance. Instead, its impact
was mostly limited to improvements in speed and acceleration (Gottlieb et al., 2024).

5™ ‘

Figure 4. Sled Pull station. Source: HYROX GmbH, hyrox.com.

Functional Station 4: Burpee Broad Jump

This station is standardized across all categories, requiring athletes to complete an 80-meter distance by way
of performing burpee broad jumps. The burpee is a high-intensity exercise that engages both upper and lower
body muscle groups simultaneously, providing metabolic and neuromuscular benefits (Bingley et al., 2019).
A 2024 cross-sectional study found a correlation between burpee performance at high intensity and the
concentric phases of squat and bench press movements (Siska et al., 2024). Now a staple in modern strength
and conditioning programs, the burpee is especially useful in developing anaerobic capacity in sports that
demand both upper and lower body strength (Bingley et al., 2019).

The broad jump element added to the burpee in Hyrox is a widely used test and training method for assessing
lower body power and speed in various sports (Boone et al., 2021). The movement primarily involves the
lower extremity muscles and contributes to their development (Robertson and Fleming, 1987). Another
academic study found that the broad jump has low correlation with anthropometric characteristics but shows
a significant relationship with isokinetic strength (Reilly et al., 1991).

Figure 5. Burpee Broad Jump station. Source: Unsplash (CCO License).
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Functional Station 5: Row Ergometer

This station is also included across all competition categories (both professional and amateur) and consists of
rowing a 1000-meter distance using the Concept2 row ergometer. Athlete performance in this station is
determined by the peak power output they can generate at the anaerobic threshold (Shephard, 1998). Studies
comparing physiological parameters in rowing on water versus rowing on an ergometer—such as heart rate,
VO2max, and blood lactate concentrations—have shown similar results (Mello et al., 2014; Sarabon et al.,
2019; Urhausen et al., 1993).

Figure 6. Row Ergometer station. Source: Unsplash (CCO License).

Functional Station 6: Farmer’s Carry

This station also involves a fixed distance of 200 meters, with the weight of the kettlebells varying by category.
Athletes must lift two kettlebells and carry them across the designated course to the finish line. In the literature,
this movement is referred to as the “Farmer’s Walk” (Winwood et al., 2011). While it works the same muscle
groups as the deadlift—such as the hamstrings, gluteus, soleus, and gastrocnemius—it places less load on the
spine, making it a safer alternative in strength training programs (Winwood et al., 2014). A 2015 study using
electromyography to assess muscle activation found significantly higher activation in the gluteus medius
compared to other lower limb muscles, supporting the use of farmer’s carries to target this muscle specifically
(Stastny et al., 2015). The movement is also commonly used in strength sports like strongman and wrestling
to enhance grip strength and core stability (Keogh, 2014; Teigen, 2015).

Figure 7. Farmer’s Carry station. Source: HYROX GmbH, hyrox.com.
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Functional Station 7: Sandbag Lunge

In this station, all competition categories cover the same distance of 100 meters, but the sandbag weights vary
based on category. Athletes lift a sandbag onto their upper back and complete the course by performing
walking lunges. The literature indicates that the primary objective of the lunge exercise is to activate the gluteus
maximus and quadriceps femoris muscles during both the eccentric and concentric phases (Park et al., 2016).
For the hamstrings, unlike the other two muscles, there is no eccentric or concentric activation during the
lunge; instead, isometric contraction occurs during the initial stance phase of the movement (Jénhagen, 2009).
Additionally, the lunge exercise improves balance and offers the benefit of training each leg individually,
helping to correct muscular imbalances between the legs (Boyd and Milton, 2017).

Figure 8. Sandbag Lunge station. Source: HYROX GmbH, hyrox.com.

Functional Station 8: Wall-Ball

In this station, athletes must perform 100 repetitions of the wall-ball movement using medicine balls weighing
between 4 and 9 kg depending on their category. The target is set at a height of 2.75 meters for women and
3.05 meters for men. The wall-ball exercise activates the shoulder rotator cuff muscles isometrically (Raeder,
2015). In sports where throwing speed is important, such as rugby and volleyball, medicine ball throws are
used to enhance upper body explosive power (Battaglia et al., 2012; Leite et al., 2016). Another study also
demonstrated that medicine ball throws—performed both seated and standing—effectively improved general
upper body strength (Palao, 2013).

Figure 9. Wall-Ball station. Source: HYROX GmbH, hyrox.com.
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Nutrition Strategies For Hyrox Athletes

Hyrox competitions last between 55 minutes and 2 hours and 30 minutes and consist of multiple high-intensity
strength-based stations. Therefore, the nutritional requirements of Hyrox athletes resemble those of athletes in
sports like basketball or rugby, which combine strength and endurance components (Benardot, 2021). Based
on this, it is recommended that Hyrox athletes consume approximately 65% of their total daily calories from
carbohydrates to support performance and recovery (Benardot, 2021). To optimize glycogen usage and
promote rapid replenishment, a diet rich in complex carbohydrates, sufficient protein intake (1.5-2 g per kg of
body weight), and about 1-1.2 g/kg of fat is advised (lvy, 2000). During training and competition, electrolyte
loss via sweat must be addressed by consuming sodium-containing electrolyte beverages to maintain fluid
balance and performance (Tsintzas et al., 1995). Sports drinks containing carbohydrates and sodium are
particularly recommended throughout the event and training session (Benardot, 2021; Wilson, 2016).

Approximately 2-3 hours before training or competition, athletes are advised to consume a meal that includes
high carbohydrates, lean protein, low fat, and a low glycemic index (Benardot, 2021; Burke, 2007; Manore et
al., 2009). During the race or intense training, consuming 50 g of carbohydrates per hour is beneficial. The
recommended sports drink composition includes 6—-7% carbohydrate concentration and 100-150 mg of sodium
per 240 ml of liquid (Jiménez-Alfageme et al., 2025; Manore et al., 2009). Immediately after competition or
training, athletes should consume 200-400 calories composed of about 1.5 g/kg of carbohydrates and repeat
this intake every 2 hours for several hours post-exercise (Benardot, 2021; Vitale and Getzin, 2019).
Additionally, consuming 25-50 g of protein within the first few hours after the event can help reduce muscle
soreness and accelerate recovery (Wolfe, 2000).

Among various performance-enhancing supplements, creatine stands out as the most effective for Hyrox
athletes. It supports high-intensity training capacity and increases muscle gylcogen stores, which help delay
fatigue and enhance strength and power (Mujika and Padilla, 1997; Volek and Rawson, 2004). This makes
creatine particularly valuable for Hyrox events, which include repeated strength and endurance tasks.

In light of the high-intensity and hybrid nature of Hyrox competitions, it is essential for athletes to follow a
structured nutrition plan tailored to meet both endurance and strength demands. To provide practical guidance,
a sample daily diet plan has been developed for a male 80 kg Hyrox athlete in Table 3. This example reflects
current sports nutrition recommendations and serves to illustrate how macronutrient timing, hydration, and
recovery strategies can be implemented throughout a typical training day.

Table 3. Sample Daily Diet Plan for a Hyrox Athlete (Male, 80 kg)

Time Meal Content & Quantity Purpose / Note
500 ml water + 1 .
07:30 Prli-l?jrrgz;\ik;‘sst electrolyte tablet (Na+, Reg% g{?gl(;/?eaﬁ;lc?p’
y K+, Mg++)
100 g oatmeal
250 mll Lc;\g;? milk Complex carbs +
08:00 Breakfast protein + fat; long-
1 thsp peanut butter lasting ener
1 boiled egg g 9y
Black coffee
. 1 apple Light snack with carbs
1030 Snack 30 g almonds and healthy fats
150 g grilled chicken
breast Balanced
1230 Lunch 200 g boiled quinoa or macronutrients, focus
brown rice on protein and complex
100 g mixed vegetables carbs
1 tsp olive oil
Whole-grain sandwich .
15:00 Pre-Workout Meal (2— with 100 g turkey Carbs + lean protein,

3h before)

1 slice low-fat cheese

low fat; easy to digest
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Lettuce, tomato

1 orange
- 1 banana . L
16:45 Pre—Tralnl_ng Snack 20 g whey protein with chk—dlgestmg carbs +
(45-60 min before) protein
water
500-750 ml sports
drink (6-7% CHO Carbohydrates and
17:30-19:00 Training Session concentration + 100—  electrolytes to maintain
150 mg sodium per 240 energy and hydration
ml)
Recovery shake: 1 Glveogen
scoop whey (25-30 g replenish)rqwer?t muscle
19:00-19:15 Post-Workout Recovery protein) + 60-90 g . :
. repair (1.5 g/lkg CHO +
carbs (maltodextrin, 2550 g protein)
banana, etc.) gp
150 g salmon or lean
beef . . .
High protein, anti-
20:30 Dinner 150 g sweet potgto inflammatory omega-3
Steamed broccoli or ’
; . fats, fiber
green salad with olive
oil
150 g low-fat Greek Slow-digesting protein
22:30 Evening Snack yogurt + 1 thsp honey + for overnight muscle

few walnuts

repair

Daily Totals (Approximate): Calories: 3.200-3.400 kcal, Carbohydrates: ~500 g (65%), Protein: ~150 g (1.8-2 g/kg BW), Fat: ~70 g
(15-20%)

Health Risks In Hyrox Competitions

Hyrox competitions are open to the public and do not require prior experience in exercise or competitive sports.
Participation numbers can exceed 3,000 athletes per event in some cities (results.hyrox.com). These events are
positioned more as mass-participation fitness festivals than official sports competitions and do not require
medical clearance or athlete licensing for entry.

Unlike more established endurance sports like triathlon, which require a sports license, medical checkup, and
ECG, Hyrox allows participation from individuals who may have never performed some of the functional
stations before. This creates potential health risks, particularly for those who are untrained or lack
cardiovascular adaptation (Corrado et al., 2011). Furthermore, the unknown health status and physical
readiness of participants presents a challenge for risk management. The most critical risk is the potential for
cardiovascular events such as arrhythmias or cardiac arrest during high-intensity exertion (Scharhag et al.,
2013).

Based on these concerns, the following recommendations are proposed to improve safety in Hyrox
competitions:

1. PAR-Q Form Screening: All athletes should complete the Physical Activity Readiness Questionnaire
(PAR-Q) prior to participation to screen for health risks (Shephard, 1988).

2. Medical Clearance: Athletes should be required to submit a doctor’s note indicating no
contraindications for high-intensity exercise participation.

3. Movement Proficiency Verification: Athletes should submit a short video demonstrating proper form
for key Hyrox movements to ensure they are physically prepared and technically competent.

These recommendations aim to reduce preventable injuries and serious medical events while promoting a safer
competition environment.
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DISCUSSION AND CONCLUSION

Hyrox is a rapidly growing fitness-based endurance sport that combines aerobic and anaerobic performance
through a structured sequence of running and functional strength exercises. Its unique format—eight rounds
of 1 km runs alternated with high-intensity exercise stations—distinguishes it from other disciplines such as
CrossFit, triathlon, and strongman competitions. However, even though all the stations are called functional
exercise stations, almost all exercises in these stations are done in the sagittal plane, where it significantly
differs itself from CrossFit. A systematic review by Xiao et al. (2021) demonstrated that functional training
significantly improves physical fitness parameters including muscular strength, muscular endurance, and
cardiorespiratory fitness in athletes across various sports disciplines. These findings align with the
physiological demands of Hyrox, which requires sustained performance across multiple functional movement
patterns. Furthermore, Menz et al. (2019) reported that functional low-volume high-intensity interval training
is equally effective as running-based HIT in improving VO2max, while also producing superior gains in
muscular endurance—an attribute central to Hyrox performance. The multi-planar demands of functional
training observed in CrossFit contrast with the predominantly sagittal movements in Hyrox, suggesting that
Hyrox athletes may benefit from incorporating supplementary multi-planar functional exercises into their
training to address potential muscular imbalances and reduce injury risk. The recent Hyrox-specific study by
Brandt et al. (2025) corroborates the high physiological demands of the sport, with participants recording mean
heart rates of 173.7 bpm and blood lactate values of 8.5 mmol/L during a simulated race, confirming that
Hyrox operates predominantly at high intensity and taxes both aerobic and anaerobic systems considerably.

This study has examined Hyrox from a sports science perspective, exploring its energy systems, physiological
demands, nutritional requirements, and potential health risks. While the sport offers significant opportunities
for both recreational and competitive athletes, the lack of scientific research and absence of standardized safety
protocols remain notable shortcomings.

From an academic standpoint, Hyrox provides fertile ground for future research, particularly in the areas of:

» Exercise physiology and energy system modeling,

» Nutritional optimization for hybrid sports,

* Injury prevention and medical screening protocols,

» Training program development for different performance levels.

In conclusion, as Hyrox continues to expand globally, both sports professionals and researchers are encouraged
to engage with this emerging discipline to ensure its development is both evidence-based and athlete-centered.
Based on the findings of this study, the following recommendations are proposed: (1) Coaches and strength-
and-conditioning professionals should design periodized training programs for Hyrox athletes that specifically
address both aerobic capacity development and muscular endurance, with particular attention to supplementing
the sport’s sagittal-plane bias with multi-planar functional exercises to prevent imbalances and reduce injury
risk. (2) Sports nutrition practitioners should implement structured fueling protocols aligned with the hybrid
endurance-strength demands of Hyrox, including pre-, during-, and post-competition nutrition strategies as
outlined in this study. (3) Event organizers and relevant sports federations—particularly in countries such as
Tiirkiye where Hyrox is still an emerging discipline—are strongly encouraged to adopt mandatory pre-
participation health screening protocols, including PAR-Q assessments, medical clearance, and movement
proficiency checks. (4) Researchers are urged to conduct longitudinal studies examining Hyrox-specific
training adaptations, injury epidemiology, and performance predictors, as the current body of literature remains
limited. Addressing these areas will be essential to supporting the safe, evidence-based growth of Hyrox as a
competitive sport globally.
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