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Invest�gat�on of the relat�onsh�p between lower extrem�ty funct�onal performance of Amer�can
football players and the�r anthropometr�c character�st�cs and jump test results

Amer�kan futbolu oyuncularının alt ekstrem�te fonks�yonel performansları �le antropometr�k
özell�kler� arasındak� �l�şk�n�n ve hop test� sonuçlarının �ncelenmes�
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ABSTRACT

Object�ve: Hop tests have well-known benefits when evaluating the rehabilitation process after sports injuries. However, utilization of hop tests to eva‐
luate functional athletic performance of healthy athletes is currently uncertain and is not common in clinical practice. This study aimed to investigate
the relationships between hop performance, their symmetries and functional test performance in American Football (AmF) players.
Mater�als and Methods: Twenty-six collegiate AmF players aged 20.9±2.5 years participated in this study. According to their playing positions, players
categorized as Skill Players (SP), Big Skill Players (BSP) and Linemen (LM). Body Mass Index (BMI) and body fat ratio were measured. Then, subjects
were performed hop tests and 10-yards Lower Extremity Functional Test (LEFT). Players were also analysed by dividing into low and high performers
for LEFT, according to their LEFT test duration.
Results: Hop test performance of the SP was superior to LM for SLH, TH, and CH. The performance of BSP was inferior to SP for CH, and was su‐
perior to LM for SLH. In LEFT, the SP group was significantly faster than LM. For LEFT, TH, CH and 6H test results were significantly different between
low and high performer players.
Conclus�on: Hop tests may be utilized to evaluate the functional athletic performance of AmF players. Physical characteristics and playing positions
should also be considered. Symmetry had no effect on LEFT.

Keywords: Football, hop test, asymmetry, playing position, speed, agility

ÖZ

Amaç: Hop testlerinin spor yaralanmaları sonrası rehabilitasyon sürecini değerlendirirken sağladıkları yararları bilinmektedir. Bununla birlikte hop testleri‐
nin, sağlıklı sporcuların fonksiyonel atletik performansını değerlendirmek için kullanımı net değildir ve bu alandaki klinik uygulamalarda yaygın değildir.
Bu çalışmayla, Amerikan Futbolu (AmF) oyuncularında sıçrama performansı, simetrileri ve fonksiyonel test performansı arasındaki ilişkileri araştırmak
amaçlandı.
Gereç ve Yöntemler: Bu çalışmaya yaşları 20.9 ± 2.5 olan 26 üniversiteli AmF oyuncusu katıldı. Oyuncular oynadıkları pozisyonlara göre Beceri Oyun‐
cuları (SP), Büyük Beceri Oyuncuları (BSP) ve Çizgi Oyuncuları (LM) olarak kategorize edildi. Katılımcıların Vücut Kütle İndeksi (VKİ) ve vücut yağ oranı
ölçüldü. Ardından katılımcılara hop testleri ve 10 yard Alt Ekstremite Fonksiyonel Testi (LEFT) uygulandı. Oyuncular aynı zamanda LEFT testi bitirme sü‐
relerine göre yüksek ve düşük performans gösterenler olarak ikiye ayrılarak analiz edildi.
Bulgular: SP'nin hop testi performansı SLH, TH ve CH için LM'den üstündü. BSP'nin performansı CH için SP'den daha düşüktü ve SLH için LM'den
daha üstündü. LEFT'de, SP grubu LM'den anlamlı düzeyde daha hızlıydı. LEFT için yüksek ve düşük performans gösterenler arasında , TH, CH ve 6H
test sonuçları anlamlı düzeyde farklıydı.
Sonuç: AmF oyuncularının fonksiyonel atletik performansını değerlendirmek için hop testleri kullanılabilir. Fiziksel özellikler ve oyun pozisyonları da dik‐
kate alınmalıdır. Simetrinin LEFT üzerinde hiçbir etkisi bulunmamıştır.
Anahtar Sözcükler: Futbol, hop testi, asimetri, oyun pozisyonu, hız, çeviklik

INTRODUCTION
Amer�can football (AmF) �s a recently �mprov�ng sport �n
Türk�ye w�th a h�story of only about 30 years (1). The o��c�al
Turk�sh Protected Football League was founded �n 2005 (2).

The global or�g�ns of AmF go back to a game played betwe-
en two college teams �n the Un�ted States of Amer�ca �n the
1860s. The o��c�al Nat�onal Football League was founded �n
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1920 and AmF has become one of the most popular sports
�n the USA. The popular�ty of AmF encourages Amer�can
athletes to get �nvolved w�th th�s sport start�ng from early
ages. Contrar�ly, �n Türk�ye where the sport �s st�ll �n �ts �n-
fancy, most Turk�sh athletes are �ntroduced to th�s sport
when they go to college and learn about �ts athlet�c proper-
t�es. Therefore, the start�ng age for AmF �n Türk�ye �s qu�te
h�gh compared to countr�es �n wh�ch AmF �s popular. As a
result of the late start�ng age �n Turk�sh AmF players, pla-
yers are more l�kely to be d�v�ded �nto play�ng pos�t�ons ac-
cord�ng to the�r anthropometr�c features �nstead of pos�t�on
spec�f�c sk�lls. Based on the ev�dence that �ncreas�ng expe-
r�ence and t�me spent �n the sports branch lead to �mprove-
ment of athletes’ sport-spec�f�c techn�ques and are also �m-
portant factors for prevent�ng sports �njur�es (3–5), the ad-
vanced start�ng age may br�ng undes�red outcomes for
athletes.

In prev�ous reports, sports �njur�es mostly occur �n the lo-
wer extrem�t�es (6,7). Common game character�st�cs and
movement patterns of d��erent sports branches may �ncre-
ase the �njury r�sk, such as decelerat�on, accelerat�on,
change of d�rect�on, and contact w�th an opponent (3). The-
refore, AmF has one of the h�ghest �njury prevalence among
sports, s�nce the game character�st�cs not only requ�re the
athletes to perform h�gh r�sk movements, but also expose
the athletes to poss�ble contact, tackles and coll�s�ons from
the�r opponents (7). For th�s r�sky sport, the lack of exper�-
ence of the athletes also contr�butes to the r�sk of �njury.
Therefore, �t �s h�ghly �mportant to �nclude �ntervent�ons to
reduce the �njury r�sks for these athletes. S�nce the most
common �njur�es occur �n the lower extrem�t�es, �dent�fy�ng
�njury r�sk factors �n athletes and target�ng these detected
factors should be cons�dered when plann�ng �njury preven-
t�on strateg�es. Wh�le �mpa�red dynam�c balance, strength
and funct�onal movements are known as factors that �ncre-
ase �njury r�sk (8), ach�ev�ng symmetry for these sk�lls �s
also a major cons�derat�on for �njury prevent�on, treatment
and safe return to sports (9).

Desp�te be�ng frequently used to evaluate lower extrem�ty
funct�ons �n the recovery per�od a�er �njur�es such as ante-
r�or cruc�ate l�gament reconstruct�on (9), hop tests that m�-
m�c common athlet�c movements w�th jump�ng and lan-
d�ng movements can also be ut�l�zed to evaluate lower ext-
rem�ty strength and balance performances, and also the�r
symmetr�es (10,11). It �s known that measurable asymmetr�-
es may found �n non-�njured athletes, and not necessar�ly
lead to performance �mpa�rments (12). Th�s means that,
desp�te hop tests prov�d�ng valuable �nformat�on about d�f-
ferent aspects of performance and l�mb symmetry, �t may
not be su��c�ent to evaluate these tests apart from funct�-
onal sport spec�f�c performance tests, conta�n�ng comb�ned

funct�onal movements a�m�ng to s�mulate the performance
�n real sports events as closely as poss�ble.The 10-yards Lo-
wer Extrem�ty Funct�onal Test (LEFT) evaluates spr�nt,
backpedal, shu�e and car�oca runs that are s�m�lar funct�-
onal movements and d�stances that need to be covered to
score �n a regular AmF match, and �s cons�dered an �nex-
pens�ve, portable, and eas�ly adm�n�stered test for AmF per-
formance. Therefore, we a�med to �nvest�gate the relat�ons-
h�ps between hop performance, the�r symmetr�es and lower
extrem�ty funct�onal test performance. Add�t�onally, s�nce
there are no data �n the nat�onal l�terature, we also a�med
to report the performance prof�les of Turk�sh AmF athletes.
We hypothes�zed that �) player anthropometr�cs w�ll a�ect
hop and LEFT test performances; h�gher BMI and BF w�ll
lead to lower performance, ��) d��erent play�ng pos�t�ons
w�ll lead d��erences �n hop and LEFT test performances, ���)
athletes who have better LEFT performance w�ll also have
better hop test performances, and �v) athletes w�th asym-
metr�es �n hop tests w�ll have lower LEFT performance.

MATERIAL and METHODS
Study Des�gn

The study was des�gned as a cross-sect�onal study. Test per-
formances, s�de to s�de asymmetry, and the�r relat�onsh�p
were �nvest�gated. The tests were conducted over two sess�-
ons, separated by 24 hours. In the f�rst sess�on, �nformat�on
about character�st�cs (age, play�ng pos�t�on, h�story of pr�or
or present �njury or chron�c �llness, med�cat�on use) was
collected, and we�ght, he�ght, body mass �ndex, and body
fat rat�o were measured. 24 hours a�er the anthropometr�c
measurements, hop tests and LEFT were performed as the
second sess�on. Subjects were �nformed not to exerc�se at
least 24 hours, and not to dr�nk alcohol, smoke, and consu-
me food or dr�nks conta�n�ng ca�e�ne. In order to el�m�nate
the poss�ble e�ect of shoe des�gns and the support they
prov�de on �nd�v�dual performance, part�c�pants are asked
to wear the�r personal athlet�c clothes and footwear (13).
Tests were performed �n the tra�n�ng f�eld of AmF teams,
wh�ch the ground �s natural turf, and at the t�me of the�r re-
gular tra�n�ng wh�ch �s at 8 PM. Pr�or to tests, subjects were
performed a standard 10-m�nute warm-up at 60% of the�r
personal perce�ved exert�on. Rest per�od was set to 3 m�nu-
tes between the tests (14).

Subjects

A total of 26 colleg�ate Amer�can football players part�c�pa-
ted �n th�s study. The players had a mean age of 20.9 years
(range 18–28, SD 2.5 years). The�r mean he�ght was 181.5 cm
(range 171–195, SD 6.3), body we�ght was 89.5 kg (range 67–
125.2, SD 16.2), body mass �ndex (BMI) was 27.2 kg/m2 (ran-
ge 19.4–39.5, SD 1.9) and body fat rat�o was 15.0% (range
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Table 1. Body compos�t�ons and test performances by play�ng pos�t�on groups
  SP (N=8) BSP (N=9) LM (N=9)  
  Mean (SD) Range Mean (SD) Range Mean (SD) Range p value

4.1–28.5, SD 6.8). Players were also categor�zed �nto three
groups accord�ng to the�r play�ng pos�t�ons: Sk�ll Players
(SP), B�g Sk�ll Players (BSP) and L�nemen (LM) based on S�-
erer et al.’s study as fullbacks, l�nebackers, t�ght ends, and
defens�ve ends were categor�zed as BSP. Centers, o�ens�ve
guards, o�ens�ve tackles, and defens�ve tackles were cate-
gor�zed as LM (15). E�ght players (30.8%) were SP, 9 players
were BSP (34.6%) and 9 players were LM (34.6%).Exclus�on
cr�ter�a were: leg length d�screpancy >2 cm, acute lower ext-
rem�ty �njury (w�th�n 2 weeks), self-reported neuromuscular
d�sorders and neurolog�cal, orthopaed�c, vest�bular or any
other d�sorders that could a�ect athlet�c performance. All
part�c�pants were �nformed about the test�ng procedures
and gave wr�tten �nformed consent for part�c�pat�on �n the
study. The study was approved by an �nst�tut�onal rev�ew
board and conducted accord�ng to the Declarat�on of
Hels�nk�.

Procedures

Hop Tests

Hop tests were conducted as prev�ously descr�bed. Part�c�-
pants performed 3 pract�ce tr�als for each s�ngle-leg hop
test cond�t�on �n the follow�ng order: s�ngle hop for d�stan-
ce (SLH), tr�ple hop for d�stance (TH), crossover hop for d�s-
tance (CH), and 6-m hop for t�me (6H). A�er the pract�ce tr�-
als, start�ng w�th the preferred leg and sw�tch�ng legs a�er
each tr�al to m�n�m�ze fat�gue, 3 tr�als for each cond�t�on
were tested �n the same order, w�th 30-second rest between
tr�als. The tr�al was cons�dered val�d �f the part�c�pant was
able to hold the land�ng pos�t�on for 2 seconds. Hops were
cons�dered �nval�d and were repeated �f the part�c�pant to-
uched the contralateral foot on the ground, lost balance, or
made add�t�onal hops a�er land�ng. Part�c�pants’ arms
were unconstra�ned dur�ng the hop. S�de to s�de d��erence
above 10% was cons�dered asymmetry for hop tests (10).

10 yards Lower Extrem�ty Funct�onal Test (LEFT)

Funct�onal movements of lower extrem�t�es were measured
w�th 10-yd LEFT. Two l�nes were marked as A and B l�nes 10
yards apart (F�gure 1). The test cons�sted of 7 consecut�ve
cond�t�ons wh�ch need to be performed w�thout �nterrupt�-
on between these l�nes. Part�c�pants take the start�ng pos�-
t�on at l�ne A wh�le fac�ng l�ne B. W�th the “go” command,
part�c�pants spr�nt forward then backpedal to l�ne A, then
s�de shu�e to l�ne B and s�de shu�e back to l�ne A. Next,
they car�oca to l�ne B and car�oca back to l�ne A. F�nally,
they spr�nt and pass l�ne B. The part�c�pants were requ�red

to make sure to touch or pass each l�ne w�th the�r foot to
complete a val�d test. Two adm�n�strators measured the
t�me. Players were d�v�ded �nto low performer and h�gh per-
former groups, accord�ng to med�an value for LEFT test
complete t�me.

F�gure 1.  Lower Extrem�ty Funct�onal Test

Stat�st�cal Analys�s

The frequenc�es and percentages are g�ven for categor�cal
var�ables as descr�pt�ve stat�st�cs. To determ�ne an adequ-
ate sample s�ze �n order to ach�eve stat�st�cal s�gn�f�cance
w�th a = 0.05, 80% power and e�ect s�ze (f) = 0.2526 (calcu-
lated based on a part�al η2 = 0.06), a pr�or� power analys�s
was performed us�ng an onl�ne power analys�s appl�cat�on
(G*Power 3.1.9.2. Franz Faul, Un�vers�tät K�el, Germany).
The results of the power analys�s �nd�cated a total sample
s�ze of at least 23 subjects. The assoc�at�ons between two
categor�cal var�ables were analysed w�th Pearson’s ch�-squ-
ared test or the F�sher’s exact test (�f not poss�ble to compu-
te the test, s�mulated p-value was used). Independent
samples t-test and analys�s of var�ance (ANOVA) were used
to analyse the d��erences between/among means of a nu-
mer�cal var�able. Pearson correlat�on was used �nvest�gate
l�near relat�onsh�p between numer�cal var�ables. Stat�st�cal
s�gn�f�cance was assessed at p<0.05 and all stat�st�cal
analyses were performed us�ng R so�ware (R so�ware, ver-
s�on 4.0.5, package: arsenal, R Foundat�on for Stat�st�cal
Comput�ng, V�enna, Austr�a; http://r.project.org).

RESULTS
Body compos�t�ons and test performances based on play�ng
pos�t�on groups are presented �n Table 1. S�gn�f�cant d��e-
rences between groups were observed for hop tests (SLH,
TH, CH) and LEFT (Table 2).
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Table 1. Body compos�t�ons and test performances by play�ng pos�t�on groups
  SP (N=8) BSP (N=9) LM (N=9)  
  Mean (SD) Range Mean (SD) Range Mean (SD) Range p value

BMI (kg/m2) 23.55 (2.14) 20.90 - 27.00 25.61 (3.36) 19.40 - 29.80 32.16 (3.62) 28.00 - 39.50 < 0.001*
BF% 11.82 (4.63) 5.10 - 15.80 11.51 (4.53) 4.10 - 17.00 21.38 (6.07) 12.30 - 28.50 < 0.001*
SLH-Left (m) 1.10 (0.11) 0.89 - 1.21 1.11 (0.17) 0.84 - 1.40 0.95 (0.11) 0.78 - 1.11 0.025*
SLH-R�ght (m) 1.12 (0.11) 0.90 - 1.23 1.12 (0.14) 0.83 - 1.27 0.95 (0.11) 0.79 - 1.11 0.007*
SLH-Rat�o (%) 0.99 (0.11) 0.84 - 1.14 0.99 (0.08) 0.91 - 1.14 1.01 (0.11) 0.86 - 1.24 0.962
TH-Left (m) 3.57 (0.43) 2.81 - 4.10 3.21 (0.38) 2.32 - 3.57 3.08 (0.37) 2.60 - 3.68 0.046
TH-R�ght (m) 3.62 (0.35) 3.16 - 4.13 3.24 (0.31) 2.51 - 3.49 2.89 (0.30) 2.55 - 3.51 < 0.001*
TH-Rat�o (%) 0.98 (0.05) 0.89 - 1.05 0.99 (0.04) 0.92 - 1.05 1.07 (0.12) 0.95 - 1.38 0.066
CH-Left (m) 3.34 (0.40) 2.81 - 3.94 2.89 (0.34) 2.09 - 3.31 2.53 (0.27) 2.19 - 3.07 < 0.001*
CH-R�ght (m) 3.31 (0.51) 2.44 - 4.02 3.00 (0.35) 2.21 - 3.32 2.64 (0.36) 2.20 - 3.39 0.010*
CH-Rat�o (%) 1.02 (0.11) 0.94 - 1.29 0.96 (0.04) 0.92 - 1.04 0.97 (0.11) 0.83 - 1.17 0.381
6H-Left (sec) 1.73 (0.47) 1.27 - 2.82 1.77 (0.21) 1.48 - 2.12 2.00 (0.13) 1.83 - 2.27 0.143
6H-R�ght (sec) 1.77 (0.44) 1.21 - 2.61 1.72 (0.22) 1.44 - 2.02 1.96 (0.25) 1.44 - 2.31 0.265
6H-Rat�o (%) 0.98 (0.09) 0.80 - 1.08 1.03 (0.05) 0.95 - 1.13 1.04 (0.14) 0.85 - 1.27 0.369
10YDLEFT (sec) 20.48 (2.15) 18.08 - 24.43 22.01 (2.47) 19.21 - 25.93 23.67 (2.48) 20.09 - 27.03 0.037*
L�near Model ANOVA was used for analys�s. 
*. The mean d��erence �s s�gn�f�cant at the 0.05 level. 
6H=6-m hop for t�me. 10YDLEFT= 10 yards lower extrem�ty funct�onal test. BF%= Body fat rat�o. BMI= Body Mass Index. BSP= B�g Sk�ll Players. CH= crossover hop for
d�stance. LM=L�nemen. SLH= s�ngle hop for d�stance. SP= Sk�ll Players. TH= tr�ple hop for d�stance.

Table 2. Post-hoc analys�s for compar�sons between two groups

  (I) GROUP (J) GROUP Mean D��erence 
(I-J) Std. Error S�g. 95% Conf�dence Interval

Lower Bound Upper Bound

SLH-Left
SP BSP -0.01 0.07 1.000 -0.18 0.16
SP LM 0.16 0.07 0.070 -0.01 0.33

BSP LM 0.17* 0.06 0.043* 0.00 0.33

SLH-R�ght
SP BSP -0.01 0.06 1.000 -0.16 0.15
SP LM 0.17* 0.06 0.024* 0.02 0.32

BSP LM 0.18* 0.06 0.015* 0.03 0.32

TH-Left
SP BSP 0.36 0.19 0.215 -0.13 0.84
SP LM 0.49* 0.19 0.050* 0.00 0.97

BSP LM 0.13 0.18 1.000 -0.34 0.60

TH-R�ght
SP BSP 0.38 0.15 0.062 -0.02 0.78
SP LM 0.73* 0.15 <0.001* 0.34 1.13

BSP LM 0.35 0.15 0.079 -0.03 0.74

CH-Left
SP BSP 0.45* 0.16 0.034 0.03 0.87
SP LM 0.81* 0.16 <0.001* 0.39 1.23

BSP LM 0.36 0.16 0.100 -0.05 0.77

CH-R�ght
SP BSP 0.30 0.20 0.417 -0.21 0.82
SP LM 0.67* 0.20 0.008* 0.15 1.18

BSP LM 0.36 0.19 0.223 -0.14 0.86

10YDLEFT
SP BSP -1.53 1.19 0.637 -4.61 1.55
SP LM -3.19* 1.16 0.034* -6.19 -0.20

BSP LM -1.67 1.16 0.490 -4.66 1.33
Mult�ple Compar�sons Bonferron� was used for analys�s. 
*. The mean d��erence �s s�gn�f�cant at the 0.05 level. 
6H=6-m hop for t�me. 10YDLEFT= 10 yards lower extrem�ty funct�onal test. BSP= B�g Sk�ll Players. CH= crossover hop for d�stance. LM=L�nemen. SLH= s�ngle hop for
d�stance. SP= Sk�ll Players. TH= tr�ple hop for d�stance.

For the hop tests on the le� leg, the performance of the SP
group was super�or to LM for TH (p=0.049), and CH
(p<0.001). The performance of BSP was �nfer�or to SP for CH
(p=0.034), and was super�or to LM for SLH (p=0.043). For
the hop tests on the r�ght leg, the performance of SP was
super�or to LM for SLH (p=0.024), TH (p<0.001) and CH

(p=0.008), and the performance of BSP was super�or to LM
for SLH (p=0.015). In LEFT, the SP group was s�gn�f�cantly
faster than LM (p = 0.034). The performance on the rema-
�n�ng tests and cond�t�ons were not s�gn�f�cantly d��erent
between the groups based on play�ng pos�t�ons.

Among the 26 players, 8 players had SLH asymmetr�es
(30.8%), 3 players had TH asymmetr�es (11.5%), 5 players
had CH asymmetr�es (19.2%), and 6 players had 6H asym-

metr�es (23.1%) (Table 3). H�gh performer group had s�gn�f�-
cantly better performances than low performance group for
TH, CH and 6H tests (p<0.05) (Table 4).
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Table 3. Asymmetr�es by play�ng pos�t�on groups
  SP (N=8) BSP (N=9) LM (N=9)  
  < %10 ≥ %10 < %10 ≥ %10 < %10 ≥ %10 p value

SLH 5 (62.5%) 3 (37.5%) 7 (77.8%) 2 (22.2%) 6 (66.7%) 3 (33.3%) 0.874
TH 7 (87.5%) 1 (12.5%) 9 (100.0%) 0 (0.0%) 7 (77.8%) 2 (22.2%) 0.502
CH 7 (87.5%) 1 (12.5%) 9 (100.0%) 0 (0.0%) 5 (55.6%) 4 (44.4%) 0.054
6H 7 (87.5%) 1 (12.5%) 8 (88.9%) 1 (11.1%) 5 (55.6%) 4 (44.4%) 0.291

  H�gh performers 
(< 21.67 seconds)

Low performers 
(≥ 21.67 seconds)

H�gh performers 
(< 21.67 seconds)

Low performers 
(≥ 21.67 seconds)

H�gh performers 
(< 21.67 seconds)

Low performers 
(≥ 21.67 seconds)  

10YDLEFT 6 (75.0%) 2 (25.0%) 4 (50.0%) 4 (50.0%) 3 (33.3%) 6 (66.7%) 0.286
F�sher’s Exact Test for Count Data was used for analys�s. 
6H=6-m hop for t�me. 10YDLEFT= 10 yards lower extrem�ty funct�onal test. BSP= B�g Sk�ll Players. CH= crossover hop for d�stance. LM=L�nemen. SLH= s�ngle hop for
d�stance. SP= Sk�ll Players. TH= tr�ple hop for d�stance.

Table 4. Compar�son of Hop Test scores accord�ng to 10YDLEFT scores

 
H�gh performers 

(10YDLEFT < 21.67 sec ) 
(n=13)

Low performers 
(10YDEFT ≥ 21.67 sec) 

(n=12)
p value

SLH-Left (m) 1.07 (0.11) 1.03 (0.19) 0.558
SLH-R�ght (m) 1.08 (0.14) 1.02 (0.15) 0.285
SLH-Rat�o (%) 0.99 (0.08) 1.01 (0.11) 0.645
TH-Left (m) 3.47 (0.38) 3.06 (0.40) 0.015*
TH-R�ght (m) 3.45 (0.39) 2.98 (0.34) 0.004*
TH-Rat�o (%) 1.01 (0.05) 1.03 (0.12) 0.509
CH-Left (m) 3.15 (0.41) 2.63 (0.39) 0.003*
CH-R�ght (m) 3.16 (0.52) 2.76 (0.37) 0.039*
CH-Rat�o (%) 1.01 (0.11) 0.95 (0.07) 0.149
6H-Left (sec) 1.69 (0.18) 2.01 (0.35) 0.009*
6H-R�ght (sec) 1.70 (0.29) 1.96 (0.31) 0.039*
6H-Rat�o (%) 1.01 (0.11) 1.03 (0.10) 0.690
Independent sample t-test was used for analys�s. 
6H=6-m hop for t�me. 10YDLEFT= 10 yards lower extrem�ty funct�onal test. CH= crossover hop for d�stance. SLH= s�ngle hop for d�stance. TH= tr�ple hop for d�stance.

Correlat�ons

Correlat�ons are presented �n F�gure 2. BF% was s�gn�f�-
cantly negat�vely correlated w�th SLH and CH, and pos�t�-
vely correlated w�th 6H for both legs. BMI was s�gn�f�cantly
negat�vely correlated w�th SLH and CH, and pos�t�vely cor-
related w�th 6H and TH-rat�o for both legs. LEFT was s�gn�-
f�cantly negat�vely correlated w�th TH and CH, and pos�t�-
vely correlated w�th 6H for both legs. For hop tests, 6H was
s�gn�f�cantly negat�vely correlated w�th SLH, TH and CH
tests for both legs. SLH, TH and CH were s�gn�f�cantly pos�-
t�vely correlated w�th each other. LEFT was not correlated
w�th BMI or BF%.

DISCUSSION

The ma�n f�nd�ngs of the study were; �) BMI and BF% had
correlat�ons w�th LEFT performances, ��) LEFT and hop test
performances d��ered between play�ng pos�t�ons, ���) LEFT
performance was related w�th the performance �n hop tests,
and �v) s�de-to-s�de asymmetr�es were not related w�th any
of the test performances.

Cons�stent w�th prev�ous stud�es (17,18), the LM group per-
formed s�gn�f�cantly worse than other pos�t�ons �n speed
and ag�l�ty tests. S�nce there �s a pos�t�ve correlat�on betwe-
en body mass and t�me to complete shuttle test (19)and the
LM group has h�gher body mass among the groups, the lo-
wer performance may be expected dur�ng the LEFT test. Ho-

wever, results show�ng that there were no s�gn�f�cant d��e-
rences between the BMI values of dra�ed and undra�ed
NFL players support that BMI alone may not be su��c�ent to
pred�ct performance (20). Amer�can football players mostly
have h�gher BMI than the recommended normal value for
healthy adults of 25 kg/m2 (21,22). Due to the game charac-
ter�st�cs of Amer�can football, the h�gher momentum ca-
used by the�r h�gh body masses may be des�rable for pla-
yers as �t prov�des some performance advantages over the�r
opponents, espec�ally �n contact moves such as tackles and
blocks. Cons�der�ng these game character�st�cs and the pre-
v�ous f�nd�ngs show�ng the h�gh prevalence overwe�ght and
obes�ty, we performed d��erent stat�st�cal analyses w�th two
cut-o� values for BMI to evaluate the relat�onsh�p between
body mass and test performances. When the analyses are
performed for BMI w�th the cut-o� value set to 25 kg/m2,
there was a s�gn�f�cant d��erence between the groups only
for the CH test, wh�le s�gn�f�cant d��erences were observed
�n the SLH and CH for hop tests, and also for LEFT when
th�s l�m�t was set to 30 kg/m2. In the study by Brum�tt et al.,
BMI was assoc�ated w�th �ncreased r�sk of �njur�es �n the lo-
wer extrem�ty, but not the jump measures (23). Unl�ke our
study group, they �nvest�gated athletes w�th normal BMI
(<25 kg/m2). Thus, the stab�l�ty of the�r athletes may not
have been challenged �n hop tests. However, h�gher BMI va-
lues �n our study group m�ght have a�ected stab�l�ty dur�ng
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F�gure 2.  Correlat�ons

sport-spec�f�c movements such as cutt�ng and momentum
chang�ng; thereby, a�ect�ng athlet�c performance. Therefo-
re, cons�der�ng that the comb�nat�on of d��erent athlet�c
sk�lls �mpacts overall athlet�c performance, AmF players
should not only focus on �ncreas�ng the�r BMI to �ncrease
the�r strength, they should also cons�der the e�ects of ha-

v�ng h�gher BMI on speed and ag�l�ty. We suggest that BMI
values d��erent than convent�onal cut-o� values may be
cons�dered when evaluat�ng the performances and �njury
r�sks of AmF players, espec�ally for play�ng pos�t�ons requ-
�r�ng more prom�nent speed and ag�l�ty sk�lls.

Evaluat�ng obes�ty or health status �n AmF players only
w�th BMI would l�kely to lead false pos�t�ve results and hen-
ce body fat percentage w�ll be a more accurate measure
(20,22,24). Add�t�onally, the f�nd�ngs show�ng that the draf-
ted players had lower body fat percentage �n most play�ng
pos�t�ons compared to undra�ed players suggest that body
fat percentage not only �nd�cates health status, but should
also be taken �nto cons�derat�on when performance �s eva-
luated. Our f�nd�ngs suggest that both BMI and BF% were
s�gn�f�cantly negat�vely correlated w�th hop test results but
not s�gn�f�cantly correlated w�th LEFT. Therefore body com-
pos�t�on measures may a�ect spec�f�c performance test me-
asures l�ke hop tests but not funct�onal performance tests.
Funct�onal performance should be �nvest�gated w�th a mul-
t�factor�al approach.

Hop tests are �nstruments w�th well-known benef�ts such as
evaluat�ng the rehab�l�tat�on process a�er sports �njur�es or

determ�n�ng when to return to sports (25–27). Also, they
were shown to be useful when evaluat�ng sports sk�lls such
as power �n healthy athletes (27). Cons�der�ng the game
character�st�cs of AmF, wh�ch �nvolves fast and powerful
s�ngle l�mb movements, we �nvest�gated whether hop tests
were useful �n evaluat�ng more complex sport-spec�f�c per-
formance. Our results showed that 10 yard LEFT t�me was
pos�t�vely correlated w�th 6H t�me and negat�vely correlated
w�th CH and TH test scores. These results suggest that hop
tests may also be useful when evaluat�ng speed, ag�l�ty and
power performance of healthy athletes.

Contrary to our hypothes�s, balance and hop test asymmet-
r�es were not d��erent between play�ng pos�t�ons and there
were no s�gn�f�cant correlat�ons between asymmetr�es and
performance tests. Prev�ous stud�es presented s�m�lar f�n-
d�ngs show�ng that the speed and ag�l�ty performance,
wh�ch were evaluated w�th change of d�rect�on tests, were
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not �mpa�red by hopp�ng (28) or jump�ng asymmetr�es (29).
Th�s may be l�nked to the not�on suggest�ng the task spec�f�-
c�ty of asymmetr�es �n sports performance (12). D��erences
�n appl�cat�on may lead to task spec�f�c�ty of asymmetr�es.
For example, an asymmetry �n controll�ng sag�ttal plane
forces may be expected to a�ect hop tests more than ag�l�ty
tests. Moreover, leg preference may d��er when execut�ng
motor tasks, mean�ng that sk�ll dom�nant and force dom�-
nant legs may not be the same (12). The study by van Mel�ck
et al. about how to determ�ne leg dom�nance showed that
66.7% of the part�c�pants preferred the same leg for k�ck�ng
and stand�ng tasks, wh�ch supports our suggest�ons about
leg preference d��erences between tasks (30). Add�t�onally,
cons�der�ng the prev�ous l�terature show�ng that l�mb
asymmetry can be a�ected by an athlete’s general tra�n�ng
status and task fam�l�ar�ty (12,31), the e�ects of s�ngle leg
asymmetr�es may not have been observed, as the d�stance,
movement patterns and funct�onal�ty �n LEFT are s�m�lar to
both AmF game and tra�n�ng, and AmF players may have
found LEFT more fam�l�ar compared to s�ngle leg tests. The-
refore, healthcare prov�ders and athlet�c tra�ners may con-
s�der asymmetr�es �n a task spec�f�c manner when evalu-
at�ng athletes.

There are several l�m�tat�ons of th�s study. F�rst, we �nvest�-
gated a spec�f�c group wh�ch cons�sted of AmF players; the-
refore, these results cannot be general�zed to d��erent ath-
let�c populat�ons. Secondly, the small number of part�c�-
pants can be cons�dered as a l�m�t�ng factor; however, the
number of part�c�pants �n our study was comparable w�th
stud�es wh�ch have s�m�lar des�gns. For example, the num-
ber of part�c�pants �n our study was equal to the study by
Tatlıcıoğlu et al. wh�ch evaluated lower l�mb asymmetr�es
�n strength tests of Turk�sh colleg�ate AmF players (32), and
was h�gher than two stud�es �nvest�gat�ng the �mpact of hop
performance on leg muscle power (27) or change of d�rect�-
on speed (28). However, �ncreas�ng the number of part�c�-
pants for all play�ng pos�t�ons �n future stud�es w�ll allow
the evaluat�on of the e�ects of phys�cal character�st�cs such
as BMI and body fat rat�o on performance for players w�th
d��erent �n-game sk�ll and movement patterns. Another l�-
m�tat�on �s the method we used for measur�ng body fat ra-
t�o. We used the b�o�mpedance method to measure body
compos�t�on. It �s known that the pred�ct�ve accuracy of BIA
�s less than other laboratory methods for est�mat�ng body
fat rat�o. However, we used BIA for feas�b�l�ty and access�b�-
l�ty purposes. Desp�te the l�m�tat�ons, the h�ghl�ghts of our
study warrants further �nvest�gat�ons w�th larger groups,
d��erent sports or us�ng these tests to evaluate the e��c�-
ency of tra�n�ng programs.

 

CONCLUSION
Phys�cal character�st�cs and play�ng pos�t�ons were shown
to correlate w�th performance tests. Future stud�es �nvol-
v�ng larger samples for all play�ng pos�t�ons and also from
d��erent athlet�c populat�ons would prov�de valuable cont-
r�but�ons to current knowledge by evaluat�ng the e�ects of
phys�cal character�st�cs such as BMI and body fat rat�o, and
also hop test performance, for players w�th d��erent �n-
game sk�ll and movement patterns.
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