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Abstract. Study Objectives: This study aimed to determine the Single Leg Hop Tests (SLHT) and Limb 
Symmetry Index (LSI) and to examine possible injury risks in football players with lower extremity strength 
differences. Methods: The study group of the research consisted of 21 male football players between the ages 
of 18-35 who had at least 10 years of active football training and were regularly trained. Participants had 3 
different SLHT on dominant (DS) and non-dominant (NDS) sides; Single Leg Hop for Distance (SL), 
Crossover Hop for Distance (CHD), and Medial Side Triple Hop for Distance (MSTH) tests were applied. 
Paired sample t, One Way ANOVA, Tukey, and Pearson tests were used in the statistical analysis of the re-
search. Results: In the SL test, it was determined that the left side had a higher jump distance than the right 
side (p<0.05), but the CHD and MSTH tests did not reveal any significant differences (p>0.05). In different 
SLHT, LSI was detected at the rates of 97.22% in the SL test, 99.71% in the CHD test, and 99.19% in the 
MSTH test. Conclusion: When the results of our research were evaluated, it was determined that the detected 
LSI ratios reflected very low levels of asymmetries and that the football players forming the subject group had 
balanced strength developments between the DS and NDS limbs. In this context, it was evaluated that the 
risk of injury in the pre-season measurements of the football players was low.
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Introduction

Football is one of the most popular sports world-
wide, both at the professional and amateur levels (1). 
Football is considered as a sport in which asymmetries 
between the limbs and strength differences between 
agonist-antagonist muscle groups are possible, espe-
cially in terms of the continuous realization of higher-
level force production of the dominant limb frequently 
used kicks (2-7). Lower extremity injuries, which are 
common in football, are associated with asymmetries 
between the limbs and imbalances between muscle 
strength (8). Lower extremity functional performance 
tests are frequently preferred for returning to sports, 
especially after anterior cruciate ligament and Achil-
les tendon injuries applied to groups such as healthy, 

obese, and athletes (9,10). Limb asymmetry index 
(LSI) is determined as a result of evaluations between 
the extremities in athletes and sedentary people, and it 
is stated that the risk of injury increases during spor-
tive performances if this index differs more than 10-
15% (11,12). 

Lower extremity strength measurement methods, 
which are frequently used in the detection of LSI, are 
very important in terms of accurately evaluating basic 
functional characteristics such as strength, flexibility, 
power, balance, and displacement in athletes and sed-
entary people (13). Although many different methods 
are used in lower extremity strength measurements to-
day, functional performance tests (SLHT) and isoki-
netic tests are frequently preferred as they provide 
valid and reliable measurements (14-21). 
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Sports scientists and physiotherapists work for 
various purposes such as evaluating athletic perfor-
mance, monitoring functional status, monitoring post-
injury rehabilitation activity, and determining the time 
to return to sports and following these purposes they 
benefit from SLHTs such as Single Leg Hop for Dis-
tance (SL), Crossover Hop for Distance (CHD) and 
Medial Side Triple Hop for Distance (MSTH) (13, 
22, 23). SLHTs, which are one of the most preferred 
measurement methods in terms of their ease of appli-
cation as well as requiring minimum equipment and 
expertise, are of great importance in the analysis of 
the functional status and disability risks, especially as 
a result of the detection of asymmetries between the 
extremities, with the tests performed following the 
movement forms for daily life and sports activities (13, 
15, 22, 16, 17, 24, 25). It is considered that detect-
ing LSIs with lower extremity strength measurement 
methods, especially in sports branches such as foot-
ball where strength differences between dominant and 
non-dominant limbs are possible, may contribute to 
the planning of strength exercises to eliminate asym-
metries and to reduce the risk of lower extremity inju-
ries, which are commonly observed in football players 
(26). 

This study aimed to determine the Single Leg 
Hop Tests (SLHT) and Limb Symmetry Index (LSI) 
and to examine possible injury risks in football players 
with lower extremity strength differences.

Material and Methods

Participants and Experimental Design

The study was designed according to a rand-
omized repeated measures experiment design. Twenty-
one male football players between the ages of 18-35, 
who had at least 10 years of active football training and 
regularly trained, voluntarily participated in the study. 
The minimum number of subjects to participate in the 
study was determined through GPower 3.1.3. program 
(Effect size: 0.93, Actual power:0.93). The subjects vis-
ited the laboratory twice at 24-hour intervals. At the 
first visit, the participants were informed about the ap-
plication protocols and their height, weight, and body 

mass index (BMI) measurements were taken. At the 
second visit, the subjects were randomized with prac-
tice cards and applied three different lower extremity 
SLHTs.

The tests applied to the lower extremity were as 
follows.

1. Single Leg Hop for Distance (SL)
2. Crossover Hop for Distance (CHD) 
3. Medial Side Triple Hop for Distance (MSTH) 

Procedures

Single Leg Hop for Distance (SL)

As the starting line, a 0.3-meter strip and a 6-me-
ter long - 15-cm wide strip running perpendicularly 
from the middle of the two strips were drawn. The sub-
jects were informed about how to do the SL test. In the 
SL test, the participants started to stand on one foot 
at the marked starting line and, when ready, jumped 
as far as they could horizontally and fell on the same 
leg, the result was recorded in cm by detecting the suc-
cessful attempt between the starting line and the sub-
ject’s heel level. Before the test, three trial repetitions 
were made to the subjects. After the trial repetitions, 
the participant performed 3 main tests and the suc-
cess criterion in the test was determined as the subjects 
landing on one leg with full stabilization and staying 
for three seconds. Between trials, subjects rested for 30 
seconds. The use of arm movement during the move-
ment was allowed and no restrictions were made (17).

Crossover Hop for Distance (CHD)

As the starting line, a 0.3-meter strip and a 
6-meter-long - 15-cm-wide strip running perpen-
dicularly from the middle of the two strips were 
drawn. The subjects were informed about how to do 
the CHD test. The subject stood on one leg at the 
starting line and performed 3 jumps forward, and 
the distance jumped was recorded in cm. The first 
jump started diagonally opposite the foot used and 
continued laterally to the side of the fall. Three rep-
etitions of trials were made to the subjects for each 
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calculated from Cohen’s d formula. The data were pre-
sented as mean and standard deviation and analyzed at 
the p<0.05 significance level.

Results

In Table 1, the results obtained after SLHTs 
were applied to the subjects were compared between 
the right and left extremities. When the results were 
evaluated, statistical significance was found between 
the right and left limbs only in the SL test (p=0,014, 
%95 CI= -10,22 / -1,30) among the SLHTs applied 
(p<0.05). No significance was found in other SLHTs 
(p>0.05).

LSI rates calculated separately from SL, CHD, 
and MSTH tests were compared in Table 2. When the 
results were evaluated, it was determined that the LSI 
values obtained from SLHTs applied in different di-
rections did not reveal a statistically significant differ-
ence (p>0.05). As a result, the LSI values in different 
directions were similar in our footballer subjects.

Discussion and Conclusion

In the present study, it was aimed to evaluate the 
LSI ratios obtained from three different SLHT re-
sults applied in football players. In the SL, CHD, and 
MSTH tests applied to the subject group formed by 
the football players, the rates of DS and NDS were de-
termined as 97.22%, 99.71%, and 99.19%, respectively, 
in the LSI evaluations between the groups. Besides, 

test. After the trials, the participant performed 3 
main tests and the criterion for success in the test 
was determined as the subjects landing on the leg 
with full stabilization and staying for three seconds. 
The best jump distance was recorded in cm. Between 
each test, subjects were given a 30-second rest inter-
val (27).

Medial Side Triple Hop for Distance (MSTH)

For the MSTH test, the medial aspect of the par-
ticipants’ feet to be jumped was brought to a perpen-
dicular position to the jumping direction. They were 
asked to perform three consecutive jumps on the same 
foot, and the distance of three consecutive jumps was 
measured as the distance between the medial part of 
the foot in the starting position and the medial part 
of the foot in the finishing position. The results were 
recorded in cm.

Statistical analysis

SPSS 25.0 package program was used in the 
statistical analysis of our research. Whether the data 
showed normal distribution was examined with the 
Shapiro Wilk test and it was determined that the data 
were normally distributed. The Homogeneity tests 
were examined by applying Levene’s test and it was 
determined that the variances were homogeneous. The 
paired sample t-test was used to compare right and 
left extremities, and One Way ANOVA tests were 
used for comparisons of three or more groups. Mul-
tiple comparisons were examined with the Tukey test. 
Effect size calculations in binary comparisons were 

Table 1. Comparisons of DS and NDS results in SLHTs

Variable (cm.)

DS NDS

t p ES

%95 CI

Mean ± Sd Mean ± Sd LB UB

SL 196,19±15,54 201,95±14,89 -2,694 0,014* -0,38 -10,22 -1,30

CHD 601,71±53,52 605,71±59,25 -0,412 0,685 -0,07 -24,24 16,24

MSTH 545,95±59,95 551,00±51,16 -0,537 0,597 -0,09 -24,65 14,56

*p<0,05, SL single leg hop for distance; CHD crossover hop for distance; MSTH medial side triple hop for distance; ES cohen’s d effect size; LB lower 
bound; UB upper bound
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performed after anterior cruciate ligament injuries, 
which were frequently encountered in football play-
ers, and the decision-making processes to return to 
sports (32). On the other hand, Dingenen et al. (2019) 
examined the asymmetry rates by applying SL, Triple 
leg hop for distance (THD), and MSTH tests from 
SLHTs for different groups in their study and found 
the mean of LSI values to be 100.65% in athletes with-
out a history of injury (33). In another study, Madsen 
et al. (2020) examined LSI rates in their study with 
275 physically active healthy participants and deter-
mined LSI rates ranging from 91% to 96% as a result 
of 6 different SLHTs they applied (34). In their study, 
Lisee et al. (2019) applied four different SLHTs in 
their study with 117 healthy subjects who had no his-
tory of disability in the last six months and found LSI 

only the SL test showed a significant difference in fa-
vor of the left side between the 3 SLHTs.

Researchers stated that significant asymmetries 
may develop in the DS and NDS limbs in athletes 
belonging to branches that require a constant prefer-
ence for one leg, especially football, during training or 
competitions (28, 29). DS and NDS were performed 
with separate measurements on the sides, and SLHTs 
were frequently used to detect asymmetries between 
the extremities (20). Researchers investigated the reli-
ability of these tests with many different studies using 
SLHTs in subjects with and without a history of dis-
ability and reported that they were highly valid and 
reliable tests (12, 24, 30, 31). In the literature, it was 
emphasized that SLHTs provide consistent results and 
predictions regarding the reconstruction procedures 
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Figure 1. Comparisons of SLHTs between right and left extremities

Table 2. Comparison of LSI rates revealed by subjects as a result of SLHTs

Variables (%) Mean ± Sd

%95 CI

Min. Max. F pLB UB

SL 97,22±4,90 94,99 99,45 85,64 104,23

0,780 0,463CHD 99,71±7,60 96,25 103,17 85,56 117,00

MSTH 99,19±7,57 95,74 102,63 83,85 115,74

SL single leg hop for distance; CHD crossover hop for distance; MSTH medial side triple hop for distance; LB lower bound; UB upper bound
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differences between the DS and NDS limbs of the 
subjects. However, especially in sports branches such 
as football, where the dominant extremities were 
thought to have higher force production capacities, 
lower extremity strength differences should not only 
be limited to measurements between the limbs but also 
should be evaluated between muscle groups that work 
in the same limb as agonist and antagonist. With these 
evaluations, more specific data about strength defi-
ciencies and injury risks can be obtained by analyzing 
the strength differences towards the lower extremities 
in football players in a more comprehensive way. Be-
sides, considering that LSI rates may differ in terms of 
characteristics such as age, height, weight, and gender, 
it is important to conduct studies on the relevant pa-
rameters to analyze this ratio more effectively and to 
correlate it in terms of different variables.

Conflicts of interest: Each author declares that he or she has no 
commercial associations (e.g. consultancies, stock ownership, equity 
interest, patent/licensing arrangement etc.) that might pose a con-
flict of interest in connection with the submitted article.

rates ranging from 94.83% to 96.16% (35). Munro & 
Herrington (2015) examined limb asymmetries with 
SLHTs, and they detected asymmetry at a rate of 
100.32% and 99.20% in women and men, respectively, 
as a result of the four applied tests (17). When the LSI 
rates evaluated with SLHTs were examined in the rel-
evant literature studies, studies with rates of 90% and 
above were frequently encountered. Moreover, when 
the LSI rates obtained as a result of our study were 
examined, it can be evaluated that they were similar to 
the literature results. Moreover, Capranica et al. (1992) 
examined the strength differences in the dominant 
and non-dominant legs in their study on 10-year-old 
football players and could not detect any difference. 
Researchers associated this result with the fact that 
the development of muscle strength to a specific level 
was not yet occurred due to the age levels of the ex-
perimental group (36). Vaisman et al. (2017), on the 
other hand, applied jump tests to the study group con-
sisting of non-athletes and football players, and they 
could not detect a significant difference between DS 
and NDS in both groups (37). When the results of 
our study were examined, it can be concluded that the 
LSI rates for the football player group participating in 
the study showed low asymmetries and the injury risks 
of the athletes were low. Considering the movement 
mechanisms of the SLHTs applied in our study, it was 
important in determining the functional performance 
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Figure 2. Comparison of LSI rates revealed by subjects in 
different SLHTs



Progress in Nutrition 2022; Vol. 24, Supplement 1: e20220696

for knee function including the hop tests. Br. J. Sports Med 
2015; 49(10): 642–648.

16. Logerste DS, Scalzitti D, Risberg MA, Engebretsen L, 
Webster KE, Feller J, Snyder-Mackler L, Axe MJ, McDon-
ough CM. Knee Stability and Movement Coordination Im-
pairments: Knee Ligament Sprain Revision.  Orthop Sports 
Phys Ther 2017; 47(11): A1–A47.

17. Munro AG, Herrington LC. Between-session reliability of 
four hop tests and the agility t-test. J. Strength Cond. Res 
2015; 25(5): 1470–1477.

18. Aktug ZB, Yilmaz AK, Ibis S, Aka H, Akarçesme C, Sök-
men T. The Effect of 8-Week Nordic Hamstring Exercise 
on Hamstring Quadriceps Ratio and Hamstring Muscle 
Strength. World J. Educ 2018; 8(3): 162-169.

19. Yılmaz AK, Kabadayı M, Bostancı Ö, Özdal M,  Mayda 
MH. Analysis of isokinetic knee strength in soccer players 
in terms of selected parameters. Physical education of stu-
dents 2019; 23(4): 209-216.

20. Ermiş E, Yilmaz AK, Kabadayi M, Bostanci Ö, Mayda 
MH. Bilateral and ipsilateral peak torque of quadriceps and 
hamstring muscles in elite judokas. J Musculoskelet Neu-
ronal Interact 2019; 19(3): 286.

21. Doğan E, Yilmaz AK, Özdal M, Mayda MH, Yilmaz Ç, 
Ermi̇ş E. Acute effects of reverse Kinesio Taping on knee 
muscle strength, fatigue index and H/Q ratio in healthy 
subjects. Isokinet Exerc Sci 2019, 27(2): 135-141.

22. Hopper DM, Strauss GR, Boyle JJ, Bell J. Functional recov-
ery after anterior cruciate ligament reconstruction: a longi-
tudinal perspective. Arch Phys Med Rehabil, 2008; 89(8): 
1535–1541.

23. Yılmaz AK, Kabadayı M. Electromyographic responses of 
knee isokinetic and single-leg hop tests in athletes: domi-
nant vs. non-dominant sides. Res. Sports Med 2020; 1-15.

24. Reid A, Birmingham TB, Stratford PW, Alcock GK,  Giffin 
JR. Hop testing provides a reliable and valid outcome meas-
ure during rehabilitation after anterior cruciate ligament re-
construction. Phy. Therapy 2007; 87(3): 337–349.

25. Acar K, Yilmaz AK. Functional dimorphism and relation-
ship between different lower extremity strength tests in 
young elite judokas. Revista de Artes Marciales Asiáticas 
2021; 16(1): 56-66.

26. Croisier JL, Ganteaume S, Binet J, Genty M, Ferret JM. 
Strength Imbalances and Prevention of Hamstring Injury in 
Professional Soccer Players. Am. J. Sports Med 2008; 36(8): 
1469–1475.

27. Peebles AT, Renner KE, Miller TK, Moskal JT, Queen RM. 
Associations between Distance and Loading Symmetry 
during Return to Sport Hop Testing. Med. Sci. Sports Exer 
2019; 51(4): 624–629.

28. Bjelica D, Popovic S,  Petković J. Comparison of Instep 
Kicking Between Preferred and Non-Preferred Leg in 
Young Football Players. Montenegrin J. Sports Sci. 2013; 
2(1): 5–10.

29. Samadi H, Rajabi R, Minoonejad H, Aghaiari A. Asym-
metries in flexibility, balance and power associated with 

References

1. Scinicarelli G, Offerhaus C, Feodoroff B, Froboese I, Wilke 
C. Functional performance and interlimb asymmetries of 
young football players during single-leg jump tests. Ger. J. 
Exerc. Sport Res 2022; 52(1): 76–86.

2. Costa Silva JRL, Detanico D, Dal Pupo J, Freitas CDR. 
Assimetria bilateral no torque isocinético do joelho e tor-
nozelo em jogadores de futebol da categoria sub 20. Revista 
Brasileira de Cineantropometria e Desempenho Humano, 
2015; 17(2): 195.

3. Şenel Ö, Akyüz M. The Occurrence Of Muscle Damage In 
Male Soccer Players.  Sport Sci, Mov & Health 2010; 10(1).

4. Akyüz M. Comparison of Certain Physical Fitness Param-
eters in Young Football and Basketball Players. J. Edu. and 
Tra. St 2018; 6(5): 201-206.

5. Akyüz M, Işik Ö, Akyüz Ö, Doğru Y, Memur N. Profesy-
onel futbolcuların mevkilerine göre rölatif izokinetik kas 
kuvvetlerinin karşilaştirılması. Türkiye Klinikleri 2020.

6. Fousekis K, Tsepis E, Vagenas G. Lower limb strength in 
professional soccer players: profile, asymmetry, and training 
age. J. Sports Sci. Med 2010; 9(3): 364–373.

7. Kubo T, Muramatsu M, Hoshikawa Y, Kanehisa H. Pro-
files of Trunk and Thigh Muscularity in Youth and Profes-
sional Soccer Players. J. Strength Cond. Res 2010; 24(6): 
1472–1479.

8. Tsepis E, Vagenas G, Ristanis S, Georgoulis AD. Thigh 
Muscle Weakness in ACL-deficient Knees Persists without 
Structured Rehabilitation. Clin. Orthop. Relat. Res 2006; 
450: 211–218.

9. Kehribar L, Coşkun S. Comparison Of Functional Results 
Of Anterior Cruciate Ligament Reconstruction In Obese 
Patients With Normal Individuals. Sdü Tıp Fakültesi Der-
gisi, 2022; 29(1): 127-132.

10. Kayaalp ME, Korkmaz Ö, Kehribar L, Mahiroğulları M. 
Primary anterior cruciate ligament repair. TOTBİD, 2020; 
19: 523-533.

11. Barber SD, Noyes FR, Mangine RE, McCloskey JW, Hart-
man W. Quantitative assessment of functional limitations in 
normal and anterior cruciate ligament-deficient knees. Clin. 
Orthop. Relat. Res. 1990; 255: 204–214.

12. Hopper DM, Goh SC, Wentworth LA, Chan DY , Chau 
JH, Wootton GJ, Strauss GR, Boyle JJ. Test–retest reliabil-
ity of knee rating scales and functional hop tests one year 
following anterior cruciate ligament reconstruction. Phys 
Ther Sport , 2002; 3(1): 10–18.

13. Clark NC. Functional performance testing following knee 
ligament injury. Phys Ther Sport 2001; 2(2): 91–105.

14. Buchanan PA, Vardaxis VG. Lower-extremity strength 
profiles and gender-based classification of basketball play-
ers ages 9-22 years. J. Strength Cond. Res 2009; 23(2): 
406–419.

15. Hegedus EJ, McDonough S, Bleakley C, Cook CE, Baxter 
GD. Clinician-friendly lower extremity physical perfor-
mance measures in athletes: a systematic review of measure-
ment properties and correlation with injury, part 1. The tests 



Progress in Nutrition 2022; Vol. 24, Supplement 1: e2022069 7

35. Lisee C, Slater L, Hertel J, Hart JM. Effect of Sex and 
Level of Activity on Lower-Extremity Strength, Functional 
Performance, and Limb Symmetry. J. Sport Rehabil. 2019; 
28(5): 413–420.

36. Capranica L, Cama G, Fanton F, Tessitore A, Figura F. 
Force and power of preferred and non-preferred leg in 
young soccer players. J Sports Med Phys Fitness 1992; 
32(4): 358–363.

37. Vaisman A, Guiloff R, Rojas J, Delgado I, Figueroa D, 
Calvo R. Lower Limb Symmetry: Comparison of Muscu-
lar Power Between Dominant and Nondominant Legs in 
Healthy Young Adults Associated With Single-Leg-Domi-
nant Sports. Orthopaedic Journal of Sports Medicine, 2017; 
5(12).

Correspondence
Öznur Akyüz
Faculty of Sports Sciences, Celal Bayar University, Manisa 
Turkey
E-mail: oznur.akyuz@cbu.edu.tr

preferred and non-preferred leg. World Journal of Sport 
Sciences 2009; 2(1): 38–42.

30. Paterno MV, Greenberger HB. The test-retest reliability of 
a one legged hop for distance in young adults with and with-
out ACL reconstruction. Isokinet Exerc Sci 1996; 6(1): 1-6.

31. Ross MD, Irrgang JJ, Denegar CR, McCloy CM, Unangst 
ET. The relationship between participation restrictions 
and selected clinical measures following anterior cruciate 
ligament reconstruction. Knee Surg. Sports Traumatol. Ar-
throsc 2002; 10(1): 10–19.

32. Nawasreh Z, Logerste DS, Cummer K, Axe M, Risberg 
MA, Snyder-Mackler L. Functional performance 6 months 
after ACL reconstruction can predict return to participation 
in the same preinjury activity level 12 and 24 months after 
surgery. Br. J. Sports Med 2018; 52(6): 375–375.

33. Dingenen B, Truijen J, Bellemans J, Gokeler A. Test–re-
test reliability and discriminative ability of forward, medial 
and rotational single-leg hop tests. The Knee 2019; 26(5): 
978–987.

34. Madsen LP, Booth RL, Volz JD, Docherty CL. Using Nor-
mative Data and Unilateral Hopping Tests to Reduce Am-
biguity in Return-to-Play Decisions. J. Athl. Train, 2020; 
55(7): 699–706.


