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OZET

Yorucu aerobik egzersizler sonucunda yorgunlugun olusmas: beklenen bir fizyolojik siiregtir. Yorgunluk
sonucunda denge becerisinin olumsuz yonde etkilenebilecegi diisiiniilmektedir. Bu baglamda bu calismanin
amact yorucu aerobik egzersizin denge performansina etkilerini ve denge performansinin baslangi¢ seviyesine
doniis siiresinin hesaplanmasidir. Caligmaya alt ekstremite sakatligi bulunmayan 20 futbolcu (11 erkek, 9 kadin,
yas = 21.76 + 3.09; viicut agirligr = 64.5 = 9.8 kg; boy = 169.4 + 7.18 cm) katilmistir. Baskin olmayan bacak
denge performans: Biodex SD denge sistemi ile 6l¢iilmiistiir. Yorucu aerobik egzersiz amaci ile kosu bandi
iizerinde Bruce protokolil uygulanmistir. Bruce protokoliinden hemen sonra ve 5’er dakikalik araliklar ile 4 defa
katilimcilara denge testi uygulanmistir. Caligma sonunda yorucu aerobik egzersizin tek bacak dinamik denge
performansini negatif yonde etkiledigi tespit edilmistir (p<0.001). Ayrica bozulan dinamik denge performansinin
baslangi¢ degerlerine donme siiresi ise yaklasik olarak 10 dakika siirmiistiir (p>0.05).

Anahtar Kelimeler: Yorgunluk, Toparlanma, Futbol, Destek Bacag:

ABSTRACT

Specifically, exhausting aerobic exercises may induce fatigue, which is a natural physiological response.
Therefore the aim of this study was to investigate the effects of aerobic exercise on balance ability and return to
baseline in soccer players. Twenty soccer players (11 males, 9 females, age =21.76 + 3.09 years; wt = 64.5 + 9.8
kg; ht = 169.4 + 7.18 cm) with no history of lower extremity injury participated in this study. The Biodex SD
balance system was used to determined to non-dominant athletic single-leg stability. Treadmil was used for
aerobic exercise. After Bruce treadmill test, subsequently subjects performed athletic single leg stability test and
then repeated same test with a five-minute passive rest period for 4 times. The result of this study has indicated
that, aerobic exercise negatively effects single leg dynamic balance ability (p<0.001). Furthermore single leg
balance ability turn to the baseline status after 10 minutes passive recovery duration (p>0.05).

Keywords: Fatigue, Recovery, Soccer, Support Leg
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GIRIiS
Futbol yaklasik olarak 240 milyon amator futbolcunun bulundugu diinyadaki en popiiler
spordur. Bir futbol maginda futbolcular toplu ve topsuz kosular sut ve sigramalar gibi diisiik
ve yiiksek siddetli aktiviteleri kisa ve uzun siireli toparlanma periyotlar igerisinde stirekli
tekrarlamaktadirlar. Futbolda yasanilan yiiksek ve diisiik siddetli kosular fizyolojik olarak
yorgunluga neden olmaktadir. Kassal yorgunluk tekrarli kasilmalar sonucunda kas giiciinde
olusan diisme olarak tanimlanmaktadir. Yorgunlugun mekanizmasi performans sirasinda
egzersizin tipine ve devamli ya da aralikli egzersizlerde harekete katilan kas ve eklemlere ya
da egzersizin siddetine gore degismektedir(Enoka & Stuart, 1992). Egzersizin siddeti
noromiiskiiler yorgunlukla iligkili olarak fizyolojik degisimler yaratmaktadir (Gandevia,
2001). Distk siddetli uzun siireli egzersizler merkezi (sinir sistemi) yorgunluga neden
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olurken kisa siireli yiiksek siddetli egzersizler ise daha ¢ok periferal yorgunluga (kas uyarilma
ve kasilma mekanizmasinda bozukluklara) neden olmaktadir(Kent, 1999; Schilings ve ark.,
2003). Kassal yorgunluk g¢evresel proprioseptif sistemi etkiledigi gibi ayn1 zamanda merkezi
proprioseptif siiregleri de etkilemektedir (Forestier, Teasdale & Nougier, 2002).

Denge becerisinin iyi olmasi optimal performansin siirdiiriilmesini ve sakatlik riskinin
azalmasini saglamaktadir. Futbol maglarinda bir¢ok sakatlik ikinci yarilarda goriilmekte ve
bunun baslica nedeni yorgunluk oldugu diistiniilmektedir( Hawkins & Fuller, 1999; Hoy ve
ark., 1992) Yorgunluk denge becerisini akut olarak etkileyen 6nemli bir faktordiir. Yorgunluk
sonrasinda denge becerisinin olumsuz yonde etkilendigine dair bir¢ok ¢aligma bulunmaktadir.
(Toshimitsu ve ark., 2011; Susco ve ark., 2004; Fox ve ark., 2008; Paillard, 2012). Yapilan
bir¢ok calismada ise kassal yorgunlugun bir¢ok motor performansin belirleyicisi olan denge
becerisinin olumsuz yonde etkiledigi goriilmektedir (Nardone ve ark., 1997; Jonston ve ark.,
1999; Vuillerme ve ark., 2002; Yaggie & Gregor, 2002). Yorgunluk sonucunda dinamik
denge becerisi bozulmakta ve fiziksel performansin diigmesine neden olmaktadir. Fiziksel
performansin bozulmasi ise diismelere carpigsmalara ve sakatlik riskini arttirmaktadir
(Hiemstra & Lo, 2011; Jonston ve ark., 1998; Yaggies & Armstrong, 2004).

Futbol maglarinda yasanilan toplam travmatik yaralanmalarin her iki yarmin sonlarma dogru
arttigr rapor edilmektedir (Hagglund & Walden, 2011). Diger bir ¢alismada ise mag
sirasindaki bilek burkulmalarinin %48’inin her ki yarmin son 15 dakikasinda gergeklestigi
bildirilmistir(Woods ve ark., 2003). Ayrica futbol yaralanmalarinda kalca ve bacak
bolgesindeki stabilite eksikligi endojendz bir faktdr olarak goriilmekte (Freiwald ve ark.,
2006) ve diisiik denge becerisinin ligament sakatliklarinin artmasi ile iliskili oldugu
belirtilmektedir(Hrysomallis ve ark, 2007; Caraffa ve ark.,, 1996). Bu baglamda bu
arastirmanin amaci aerobik yorgunlugun denge performansina olan etkilerinin ortaya konmasi
ve yorgunluk sonrasinda denge performansinin baglangic seviyesine donme siiresinin
belirlenmesidir.

MATERYAL VE YONTEM

Calismaya 11 erkek ve 9 kadin (yas:21,85+£3,15; kilo:65,01£9,81; boy:169,9+7,03;
Antrenman Yas1:6,5+1,9; Viicut Kitle indeksi:22,47+2,22 olan toplam 20 futbolcu goniillii
olarak katilmistir. Calismaya son 6 ay i¢in diz, bilek ve eklem sakatliklar1 gegiren futbolcular
dahil edilmemistir. Katilimcilarin testlerden 48 saat Once yorgunluk yaratan egzersiz
yapmadilar. Katilimcilar son 24 saat icinde alkol kafein v.b. uyarici etkisi olan maddeleri
kullanmamalar1 saglandi.

Tablo 1. Calismaya Katilan Futbolcularin Tanimlayic Bilgileri

Yas(yil) Boy(cm) Kilo(kg) VKi(kg/cm?) Antrenman
Yasi(y1l)
Erkek 23,8529 173,3+6,27 69,45+9,13 23,05+2,23 7,33+1,92
(n=11)
Kadin (n=9) 19,25+0,8 164,75+4,68  58,35+6,75 21,6+2,01 5,25+1,03
Toplam 21,85+3,15 169,9+7,03 65,01+9,81 22,47+2.22 6,5+1,9
Ort.(n=20)

VKIi: Viicut Kitle indeksi
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Denge Testi

Katilimcilara Biodex SD (Biodex, Shirley. NY) athletic single leg test protokolii uygulandi.
Katilimcilara 6grenme etkisi olusmamasi i¢in ¢alismadan 1 hafta 6nce 5 farkli giinde denge
testi 6grenme ¢alismasi yaptirildi. Athletic single leg test protokolii 20 saniye ve 3 tekrarda ve
tekrarlar arasinda 10 saniye dinlenme araliklarindan olustu. Testin zorluk derecesi 4 olarak
ayarlandi. Katilimcilarin test sirasinda ayak pozisyonlarmi kendi istedikleri pozisyonda
yerlestirmelerine izin verildi. Denge testleri destek bacagi iizerinde gerceklestirilmistir.
Katilimcilar ¢caligma sirasinda denge testine yorgunluk protokolii biter bitmez denge testine
tabi tutuldular. Yorgunluk sonrasinda denge testleri 5’er dakika araliklar ile 0,5,10,15,20
dakikalarda yaptirildi. Katilimcilar 5 dakikalik toparlanma periyotlar1 arasinda pasif olarak
dinlendirildi.

Aerobik Yorgunluk Protokolii

Futbolcularda aerobik yorgunluk olusturmak amaci ile kosu bandi iizerinde Bruce protokolii
uygulanmistir. Bruce protokolii %0 egimde 1,161km/saat hizinda {i¢ dakikalik 1sinma ile
baslamistir. Daha sonra kosu hizi 2,7km/saat hiza egim ise %10 ‘a ¢ikmis ve ii¢ dakikada
devam etmistir. Testin ikinci asamasinda ise egim %2 egim ve hiz 4,02 km/s artmis ve testin
protokoliine goére her iic dakikada egim ve hizda artis devam etmistir(Bruce, 1972).
Katilimeilarin teste tiikene kadar devam ettiler. Katilimcilardan devem edemeyecekleri
noktada testi birakmalar1 istenmistir. Test sonunda katilimcilarin MaxVo2 tiiketim degerleri
hesaplanmis ve kayit edilmistir. Ayrica sporcularin algilanan zorluk dereceleri ve kalp atim
hizlar test sonunda kayit edildi.

Istatistiksel Analiz

Calismanin verileri SPSS 22.0 paket programi ile analiz edildi. Katilimcilarin test oncesi
tanimlamak amaci ile yas, boy, kilo, viicut kitle indeksi ve antrenman yas verilerinin ortalama
ve standart sapma degerleri hesaplandi. Aerobik egzersiz dncesi, hemen sonras1 ve 5,10,15,20
dakikalardaki denge testi skorlar1 Repeated Meausere Anova yontemi ile analiz edildi. Farkin
nerden kaynaklandigi ise Benforroni Post Hoc testi ile gerceklestirildi. Tiim analizlerin
anlamlilik derecesi p<0.05 olarak belirlendi.

BULGULAR

Bu calismada aerobik egzersiz sonucunda dinamik denge becerisinin istatistiksel olarak
anlaml1 derecede bozuldugu tespit edilmistir (p<0.001).
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Sekil 1. Yorgunluk oncesi ve sonrasinda denge becerisinin zamana gore toparlanma
degerleri

Yorgunluk sonrasinda dinamik denge becerisinin baslangic degerine gore ciddi bir bi¢imde
bozuldugu ve 10 dakika iginde yaklasik olarak baglangic degerlerine geri dondiigi
goriilmektedir(Sekil 1).

Tablo 2. Tekrarh Olciimler Denge Testi Istatistiksel Analiz Sonuglari

Zaman Denge

Arahgi Ortalam Ort.Farla Std. p
Pre-Test 1,14
Post-Test 2.94 1.8 0259  0,001*
o 5 dk 1.58 0,44 0.085  0.001*
Athletic Single Leg 10 dk 1.3 0.16 0072 0,591
15 dk 127 013 0,058 0473
20 dk 131 017 0.091 1

*p<0.05 dk:dakika

Tablo 2’de test 6ncesi ve testten hemen sonraki test degerleri arasinda istatistiksel olarak fark
bulunmustur (p<0.001). Ayrica test oncesi degeri ile 5’inci dakika denge testi arasinda da
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istatistiksel olarak fark bulunmaktadir (»p<0.001). Denge beceris antrenman 6ncesi degerleri
ile 10,15 ve 20’inci dakika denge testi degerleri arasinda bir fark bulunmamistir(p>0.05).

TARTISMA VE SONUC

Bu c¢alismanin amaci yorucu aerobik egzersizlerin dinamik denge becerisine olan akut
etkilerini ve denge becerisinin toparlanma siiresinin arastirilmasidir. Yorucu aerobik egzersiz
sonucunda futbolcularin denge becerisi olumsuz yonde etkilenmistir. Denge becerisinin
toparlanma siiresi yaklasik 10 dakika siirmiistiir. Literatiirde yorgunlugun denge becerisini
olumsuz yonde etkilendigine dair bircok calisma bulunmaktadir(Toshimitsu ve ark, 2011;
Susco ve ark, 2004; Fox ve ark. 2008; Paillard, 2012; Cetin ve ark, 2008). Mevcut ¢alismanin
sonucu literatiirdeki bircok calisma sonucu ile benzesmektedir. Yo-yo testi sonrasinda
Interaktif Denge Sistemi (Tetrax) cihazi ile denge 6l¢iimii yapilan bir ¢alismada, yorgunluk
sonras1 denge becerisinin 10 dakika i¢inde baslangic degerlerine dondiigli tespit edilmistir
(Steinberg ve ark., 2016). Diger bir calismada ise fonksiyonel yorgunluk protokolii
uygulanan, kolej seviyesinde futbol oynayan 14 erkek 9 kadin futbolcu ile yapilan ¢aligmada,
denge performansinin baslangi¢ degerlerine 10 dakika icinde geri dondiigi bildirilmistir
Toshimitsu ve ark, 2011). Bu calismanin tersine rekreatif olarak aktif olan 100 kolej
ogrencisine fonksiyonel yorgunluk protokolii uygulanmistir. Fonksiyonel yorgunluk
protokolii sonrasinda yapilan denge hata skor sistemi ile yapilan Olglimlerde denge
performansinin yaklasik olarak 20 dakika i¢inde baslangi¢ seviyesine dondiigii bildirilmistir.
Benzer yorgunluk protokolii uygulanmasina karsin iki ¢alisma arasinda denge performansi
toparlanma siirelerinde fark oldugu goriilmektedir. Bu farkin nedeni futbolcularin diger
sporculara gore daha 1iyi bir denge becerisine sahip olmalarindan kaynakladigi
distinilmektedir (Matsuda ve ark., 2008). Hem aerobik hem de anaerobik yorgunluk
protokolii uygulanan bir arastirmada ise yorgunluk sonrasi denge performansi dl¢iimii denge
hasta skor sistemi (BESS) ile yapilmis ve aerobik ve anaerobik yorgunluk protokolii
sonrasinda denge performansi toparlanma siirelerinde fark bulunmamistir. Fakat sporcularin
her iki yorgunluk protokoliinden sonra da 13 dakika i¢inde baslangic denge performansi
degerlerine geri dondiikleri bulunmustur (Zachary ve ark., 2008). Diger bir ¢alismada ise 25
dakikalik kosu bandi kosusundan sonra yapilan denge Olgiimlerinde calismaya katilan
sporcularin denge performanslarinin baslangic seviyesine donmesi yaklasik 15 dakika
sirmiistiir (Nardone ve ark., 1997). Bu calismalarda denge performansinin baslangi¢
degerlerine doniis siliresinin mevcut calisgmadan daha uzun siirmesi, ¢aligmalara katilan
sporcularin brangalar1 arasindaki farkliliktan veya denge 6lgiim yontemlerindeki farkliliktan
kaynaklanmis olabilir.

Bu calisma sonunda aerobik yorgunluk sonrasinda denge performansinin futbolcularda agik
bir sekilde bozuldugu goriilmektedir. Yorgunluk ve denge performansinin bozulmasi énemli
bir risk faktorii olarak goriilmektedir. Futbolcularda yorgunlugun denge becerine etkileri ile
ilgili yeterli veri bulunmasa da, yorgunlugun yasanilan sakatlik goriilme sikiligini arttirdigi
(Frisch ve ark.,, 2011) ve denge performansindaki bozulmanin bilek sakatliklarina
arttirabilecegi(Willems ve ark., 2005) cesitli ¢alismalarda belirtilmektedir. Ayrica denge
antrenmanlarinin - sakatlii Onlenmesi amaci yapilmasi bir¢ok aragtirmaci tarafindan
onerilmektedir (Emery & Meeuwisse, 2010; Hubscher ve ark., 2010; Kramer & Knobloch,
2009). Bu nedenle ileriki ¢aligmalarda denge antrenmani yapan sporcularda yorgunlugun
denge becerisi lizerine olan etkilerinin aragtirilmasit Onerilmektedir. Ayrica bu calismada

JOIMAR Volume 4, Issue 2 (2017) 26-34
30



Ozkan GULER, Ahmet ATLI, Fatma Nese SAHIN, Giilfem ERSOZ
Futbolcularda Aerobik Yorgunlugun Dinamik Denge Performansina Etkisi
The Effects Of Aerobic Fatigue On Dynamic Balance Ability In Soccer Players

yorgunluk Bruce protokolii uygulanarak gerceklestirilmistir. Denge performansinin gercek bir
futbol mag1 sonrasinda Olciilmesi, futbola 6zgli yorgunluk mekanizmasinin denge
performansina olan etkilerinin daha net bir bigimde ortaya konulabilmesi saglayacagi
diistiniilmektedir.
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EXTENDED ABSTRACT

Soccer is the most popular sport in the world with nearly 240 million amateur soccer players.
In a soccer game, the players are constantly recurring in the short and long recovery periods
of low and high intensity activities such as running, jumping and kicking. The high and low
intensity conditionss in the soccer match cause physiological fatigue. Fatigue is defined as a
decrease in muscle strength as a result of repeated contractions. The mechanism of fatigue
varies according to the type of exercise intensity and duration (Enoka & Stuart, 1992). Low-
intensity long-term exercises cause central (nervous system) fatigue while short-duration
high-intensity exercises cause more peripheral fatigue. Balance ability has an important effect
on the sports performance (Hrysomallis, 2011). Poor balance has been associated with an
increased risk of injuries in a number of sports (Hrysomallis, 2007). In soccer games, many
injuries are seen in the second half, which is thought to be the main cause of fatigue.. Lower
limb injuries are common in sports with intermittent bouts of high-low intensity exercise and
changes of direction (eg, soccer, basketball, and rugby) and toward the end of a period or
game. (Lundblad et al., 2013; Ekstrand, Hagglund & Walden, 2011). There is epidemiological
evidence that more than half of the injuries occur late in athletic games and that 58% of those
are the result of noncontact injury mechanisms, suggesting that fatigue is given thought to be
a critical element in injury-related sensory motor alterations (Hawkins et al., 2001; Woods et
al., 2004). Given that injury rates increase when athletes are fatigued. (Lundblad et al. 2013;
Ekstrand et al 2011) and deficits in postural control are risk factors for sustaining lower limb
injuries, (Pliskt et al., 2006; McGuine et al., 2000; Wang et al., 2006). Therefore the aim of
this study was to investigate the effects of aerobic exercise on balance ability and alart time
for return to the orign value in soccer players.

A total of 20 soccer players (11 males, 9 females, age = 21.76 + 3.09 years, body mass = 64.5
+ 9.8 kg, height = 169.4 = 7.18 cm, body mass index=22.47) recruited for the study on a
voluntary basis. All pasticipants had been free from visual, vestibular and lower limb injuries
for at least six months. The participants didn’t perform exercise, which cause fatigue, during
48 hours before the tests.

Biodex SD (Biodex, Shirley. NY) athletic single leg test protocol was applied to the
participants. In order to prevent the learning effect, the subjects performed balance test
familiarization during 5 days in last week before the test. Athletic Single Leg test protocol
consisted of 3 repeats of 20-second activity with 10 second interval. The difficulty level of
test was set 4th level. During the test, the participants were allowed to place their feet in the
way they wanted. The balance tests were carried out with subjects on their non-dominant leg
and while their hands were on their waist. The subjects were asked to keep their dominant leg
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at 45° flexion. After modified bruce treadmill test, subsequently subjects performed athletic
single leg stability test and 5th, 10th, 15th, and 20th minutes with 5 minutes interval.

Treadmil was used for aerobic exercise. Each subject performed modified bruce treadmill
protocol. Subjects were verbally encouraged to continue running as long as possible
throughout the test. Subjects were asked to refrain from exercise on the day of the evaluation.
The exercise protocol was performed by means of a treadmill. The protocol began at a speed
of 2.74 km/h and 10% gradient for 3 min using the Bruce protocol (Bruce, 1972). At the
second stage, the gradient and speed were 2% and 4.02 km/h, respectively. In each subsequent
stage of the test, the gradient and speed were increased in accordance with the protocol until
each athlete exhausted.

As a result of exhausted aerobic exercise, the balance performance of soccer players has been
adversely affected.The recovery time of the balance performance lasted approximately 10
minutes. Previous studies have reported that fatigue affects balance performance negatively
(Toshimitsu ve ark, 2011; Susco ve ark, 2004; Fox ve ark. 2008; Paillard, 2012; Cetin ve ark,
2008). The result of the current study is similar to the previous study results in the literatiire.
In a study of balance measurement with the Interactive Balance System (Tetrax) after the yo-
yo test, it was determined that the post-fatigue balance skill returned to its baseline values
within 10 minutes (Steinberg ve ark., 2016). In another study, it was reported that in a study
with 14 male and 9 female football players who were playing college-level soccer with a
functional fatigue protocol, their balance performance returned to baseline within 10 minutes
(Toshimitsu ve ark, 2011). In contrast to this study, a functional fatigue protocol was applied
to 100 recreationally active college students. In contrast to this study, a functional fatigue
protocol was applied to 100 recreationally active college students. After the functional fatigue
protocol, the balance performance was reported to return to baseline within approximately 20
minutes. Despite the implementation of similar fatigue protocols, balance performance
between the two studies appears to be different in recovery times. This difference is thought
to be caused by the fact that the soccer players have a better balance skill than the other
athletes (Matsuda ve ark., 2008). In a study where both aerobic and anaerobic fatigue
protocols were applied, there was no difference in recovery performance recovery times after
aerobic and anaerobic fatigue protocol. However, it was found that the athletes returned to
baseline balance performance values within 13 minutes after both fatigue protocols (Zachary
ve ark., 2008). In another study, the balance measurements made after a 25-minute treadmill
run it took about 15 minutes for the athletes to return to their initial level of balance
performance (Nardone ve ark., 1997). Unlike the current study, the balance was measured
with BESS in these studies. the difference between these studies and the present study is due
to measurement methods of balance performance.

Impairment of balance performance is reported as an important risk factor. Although there is
not enough data on the effects of fatigue on balance in soccer players, there is a tendency that
fatigue increases the incidence of injury (Frisch ve ark., 2011) and the deterioration of balance
performance may increase to ankle injuries (Willems ve ark., 2005) it is known that good
balance skills reduce the risk of lower limb injuries (Emery & Meeuwisse, 2010; Hubscher ve
ark., 2010; Kramer & Knobloch, 2009). For this reason, it is recommended to investigate the
effects of fatigue on balance performance in athletes performing balance exercises in future
studies. . In addition, fatigue in this study was performed by applying the Bruce protocol.
Measuring the balance performance after a real soccer match is thought to provide a clearer
indication of the effects of the soccer-specific fatigue mechanism on balance performance.
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