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Relationship between lower limb power output, sprint and change of direction
performance in soccer players.

Abstract

Introduction: Although soccer matches require players to perform repetitive power-related abilities, the
impact of lower-body strength and power asymmetry on sprint and change of direction (COD)
performance receives little attention. Therefore, this study aimed to establish the relationship between
lower limb power, sprint, and change of direction (COD) performance. In addition, the relationship
between lower limb power asymmetry and the above mentioned running tests was determined. Material
and Methods: Twenty-four male soccer players from First Polish League (age = 24.8 +8.2 years, body
mass = 77.4 +16.9kg, body height=179.5 +14.5cm, soccer training experience = 10 = 1.5years) took part in
the study. To examine the relationship between linear sprint, lower limb muscle power, and COD
performance (time and deficit), the following tests were performed: 5-and 20-m linear sprint, leg press
exercise, and two 20-m COD sprints (“COD90” and “L” test). Result: Pearson correlation coefficients didn’t
show any statistically significant relationship between lower limb power and linear sprint speed as well as
COD performance. The results indicate that the considered variables are independent physical
characteristics. Conclusion: Relative lower limb-power output and low level of mean inter-limb asymmetry
in power output does not affect 5- and 20-m linear sprint time and COD performance with 90° turn.
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Abstract: Introduction: Although soccer matches require players to perform repetitive power-related
abilities, the impact of lower-body strength and power asymmetry on sprint and change of direction
(COD) performance receives little attention. Therefore, this study aimed to establish the relationship
between lower limb power, sprint, and change of direction (COD) performance. In addition, the rela-
tionship between lower limb power asymmetry and the above mentioned running tests was deter-
mined. Material and Methods: Twenty-four male soccer players from First Polish League (age = 24.8
+8.2 years, body mass = 77.4 +16.9kg, body height=179.5 +14.5cm, soccer training experience = 10 +
1.5years) took part in the study. To examine the relationship between linear sprint, lower limb muscle
power, and COD performance (time and deficit), the following tests were performed: 5-and 20-m lin-
ear sprint, leg press exercise, and two 20-m COD sprints (“COD90” and “L” test). Result: Pearson cor-
relation coefficients didn’t show any statistically significant relationship between lower limb power
and linear sprint speed as well as COD performance. The results indicate that the considered variables
are independent physical characteristics. Conclusion: Relative lower limb-power output and low level
of mean inter-limb asymmetry in power output does not affect 5- and 20-m linear sprint time and COD
performance with 90° turn.

Keywords: asymmetry, COD deficit, COD, team sports, leg press.

1. Introduction

Soccer matches require players to perform repetitive power-related abilities such as
sprinting, jumping, accelerating, decelerating, changing direction, and cutting inter-
spersed with periods of low to medium intensity activity (e.g., walking) [1]. Therefore,
soccer players’ locomotion speed tests are of great significance and popularity, e.g., cov-
ering a certain distance in a straight line (5m, 20m) or with a change of direction (COD)
(Zigzag, 5-0-5). The ability to COD while running at high speed is of great interest because
it seems to be a better reflection of match conditions [2, 3].

During COD, the participant’s ability to accelerate, slow down, and re-accelerate in
a new direction requires a rapid application of force. The acceleration phase in COD and
linear sprints include similar technical factors, thus the improvement in acceleration may
be beneficial in terms of subsequent accelerations after successive COD maneuvers and
transitions between them [4-9]. Considering the significance of acceleration, it can also be

www.balticsportscience.com
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assumed that linear speed and lower body power output could be related to COD perfor-
mance [9].

A measure that helps in assessing the isolated COD capacity is the COD deficit. The
COD deficit corresponds to the difference in speed between the linear sprint and the task
of an equal distance with a COD [10,11]. The influence of various variables on the COD
efficiency was analyzed, e.g., jump height, lower body power, and strength [4, 12, 13].
A study by Loturco et al. [3] did not confirm the relationship between the Zigzag test
(COD 100°) and relative mean propulsive power output during the half squat and squat
jump (progressively added load during both exercises) in youth soccer players. However,
the authors showed a statistically significant positive correlation between the 10 and 20 m
linear sprint and the COD deficit in the Zigzag test [3]. Furthermore, Nimphius et al. [11]
showed a positive relationship between the 100° COD deficit and the 505 test. On the other
hand, Pereira et al. [10] found a positive correlation between the 100° COD tests and mean
propulsive power output (obtained in the squat jump and the countermovement jump) in
female and male handball teams. Interestingly, the authors point out that the magnitude
of the correlation coefficient between the aforementioned data may significantly differ de-
pending on the mechanical requirements of each COD task, as well as when isolating the
COD deficit [10]. Therefore, according to Nygard et al. [14] and Bourgeois [15] it seems
that angles below 90° are more speed-oriented, while higher COD values than 90° are
more force-oriented [14,15].

Although the impact and relationship between lower-body strength and power out-
put have been extensively studied, the contribution of lower-body power-related asym-
metry on sprint and COD performance receives little attention with inconsistent results of
available data [13, 16-18]. Maloney et al. [13], Bishop et al. [13, 17, 19], and Michailidis et
al. [17], concluded that lower leg inter-limb asymmetry (measured by single leg jump
height) positively correlated with 20m linear sprint time. However, Maloney et al. [13]
studied a group of healthy but untrained males, while Bishop et al. [19] and Michailidis
et al. [17] conducted a study on a group of soccer players aged 10 to 15 years. In turn,
Lockie et al. [18] found that lower-limbs asymmetry didn’t impair performance in the T-
test and 505 (both with 180° COD) test in team sports players. The authors suggested that
an inter-limb asymmetry value close to 10% in a single-leg vertical jump height shouldn’t
attenuate running performance [18]. Bearing in mind that the sports discipline practiced
has a significant impact on the degree of asymmetry in the body [20], it may be argued
that excessive asymmetry may affect linear speed and COD abilities over time. It should
be noted that soccer leads to the development of asymmetric musculoskeletal adaptation
of the lower limbs, resulting in muscular asymmetries and body posture [21]. Michailidis
et al. [17] noted that an inter-limb asymmetry of 10% may be unfavorable and lead to
disturbances in movement patterns and injuries in children between 10 and 15 years old .
Hence, more research is needed to assess the impact and relationship of limb asymmetry
with power-related movements to maximize sports performance and prevent injury.

Therefore, this study aimed to establish the relationship between lower limb power
output during the leg press exercise, along with power output asymmetry in this exercise,
5- and 20-m linear sprint, and COD performance assessed by the Zigzag and L test, and
COD deficits in those tests. It was assumed that lower limb power output would posi-
tively correlate with sprint and COD performance, while the asymmetry would nega-
tively correlate with COD performance.

2. Materials and Methods

2.1. Experimental Design

To examine the relationship between linear sprint, leg power inter-limb asymmetry
and COD performance, the following tests were applied: 5- and 20-m linear sprint, leg press
exercise, and two different 20-m COD sprints, (“ZigZag”-90° and “L” test-90°). Addition-
ally, the COD deficit was calculated for each trial. Measurements were conducted in two
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sessions, 72h apart in counterbalanced order. In one session participants performed linear
and COD sprints, and in the other one, the leg press exercises to assess the leg power inter-
limb asymmetry.

2.2. Study Participants

Twenty-four male elite soccer players from the First Polish League ((age = 24.8+ 8.2
years, body mass = 77.4 £16.9 kg, body height = 179.5 +14.5 cm, soccer training experience
= 10+1.5 years) took part in the study. The participants were all full-time professionals
who trained daily. The tests were conducted during the winter break between the seasons
to eliminate additional factors. Participants attended the study with valid medical exam-
inations and showed no contraindications to participate in physical fitness tests. The play-
ers were instructed to maintain their normal dietary habits over the course of the study
and not to use any supplements or stimulants for the duration of the experiment. All play-
ers or their legal guardians, because two of them were under eighteen years old, gave their
written consent to participate in the research. The inclusion criteria were as follows: a)
training experience above 8 years, b) competition in a first-league team, c) no injury in the
6 months prior to the tests, d) active participation in training sessions at least 5 times a
week in the last 6 months. The study protocol was approved by the Bioethics Committee
for Scientific Research (3/2021), at the Academy of Physical Education in Katowice, Po-
land, and performed according to the ethical standards of the Declaration of Helsinki,
2013.

2.3. Testing Procedures

The experimental sessions were conducted between 9:00 and 11:00 a.m. The session
was preceded by a warm-up protocol, which included 5 minutes of jogging, several upper
and lower body exercises like push-ups, body weight squats and split squats, a single 20
m sprint, 5 m sprint, one of each COD tests (90° and “L”) and two sets of the leg press
exercise. All sprint tests were performed on an indoor field with an artificial grass surface.

2.3.1. Linear Sprint Test

The running times were recorded by two pairs of dual-beam Witty Gate photocells
(Microgate, Bolzano, Italy) with a measuring precision of 0.01 s. After the warm-up, par-
ticipants performed two maximum 20m sprints with a 5-minute rest interval between
them. The participants started with the front foot placed 0.5 m behind the first timing gate
to prevent any early triggering of the start gate. The participants started when ready to
eliminate the effects of reaction time. The best time from both attempts was retained for
further analysis [22].

2.3.2. Change of Direction Tests

After the linear sprint test, participants rested for 5 minutes and then performed the
COD tests. Each participant performed two tests with 90° COD in randomized order: Zig-
Zag and L-test (Figure 1 and Figure 2) [9]. The participant's task’ was to cover a 20m sec-
tion with designated cones with changes in direction and movement pattern. During the
L-test, the manner of distraction was specified, first a 5m sprint, then a 5m stand-up step
twice, then a reverse run. Each running test was performed twice with a 3-minute rest-
interval between attempts. The fastest time from each COD test was retained for further
analysis.
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Fig. 1. Schematic presentation of the 90° change of direction test. Circles represent the positions of
the photocells.

A . A

Sm

Start Line .

Fig. 2. Schematic presentation of the L-test. Circles represent the position of photocells.

2.3.3. Lower-Body Power Output

Through the second experimental session, peak power output during the leg press exer-
cise was assessed using the Keiser Air420 leg press pneumatic machine (Keiser Corpora-
tion, Fresno, CA, USA). The load was 120% of the subject's body weight [23]. The Keiser
pneumatic resistance system utilizes air-pressurized resistance to maximize safety and
allows for precision loading within 1kg. The Keiser Leg Press device, thanks to independ-
ent plates, evaluates both limbs, which allows to obtain the results of strength, power, and
asymmetry between the limbs. In addition, the repeatability and reliability of the device
has been confirmed in previous studies [12, 24]. After the warm-up, each subject per-
formed two repetitions with both legs, then with the right and left legs separately. The
device plates are pushed out from a sitting position with the knee joints bent at 90 degrees
until fully extended. The participants were informed that the extension of the lower limbs,
i.e., the concentric phase, should be performed as quickly as possible. There was a 3-mi-
nute rest interval between attempts. Peak power was retained for the analysis.
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2.3.4. Asymmetry index

The following formula was used to identify the percentage of asymmetry between the
lower limbs. In both formulas used, the results of the percent difference between the limbs
were presented [25].

LSI (%)= (2 *(Right leg — Left leg)/ (Right leg + Left leg))* 100

2.4. Statistical Analysis

Statistical analyses were performed using Statistica 9.1 (Hillview, Palo Alto, CA, USA).
Data are presented as means and standard deviations (SD) with 95% confidence intervals
(CI). Pearson product-moment correlation coefficient was used to analyze the relation-
ships between the sprint and power performance. Correlations were evaluated as follows:
trivial (0.0-0.09), small (0.10-0.29), moderate (0.30-0.49), large (0.50-0.69), very large
(0.70-0.89), nearly perfect (0.90-0.99) and perfect (1.0) [26]. The significance level for the
correlation analysis was set as p < 0.05.

3. Results

All data are presented in Table 1, while values of individual lower limb symmetry
index are presented in Figure 3. Pearson product-moment correlation coefficient test did
not show any statistically significance correlation between lower limb power performance
and linear sprint time as well as COD tests performance (Table 2).

LSI- Asymmetry %
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Fig. 3. Limb symmetry index (LSI) — individual asymmetry percentage for the leg press exercise.
* Dominant left lower limb “-”, dominant right lower limb “+”.

Table 1. Descriptive data for all measured tests.

Test (N =24) Mean + SD 95% Cl
5m 1.02 £0.06 0.969 to 1.071
20 m Linear Sprint (s) 2.95+0.12 2.80to 3.10
COD90 (s) 6.65+0.17 6.32t06.99
COD90def 3.7+0.14 3.515t03.885
L-test (s) 5.57 £0.24 5.36 t0 5.92
Power both legs /leg press/ (W) 28.36 + 3.64 26.942 to 29.778
Power right leg /leg press/ (W) 16.34+1.9 15.523 to 17.157
LSI [27] (%) 4.16 +2.89 3.952 to 4.368

Mean * standard deviation (SD); CI — confidence intervals; COD - change of direction; L-test DEF- L-test deficit ;
LSI - limb symmetry index
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Table 2. Pearson correlation between all measured data.

5m 20m ZigZag ZigZages L-test L-testyer
Relative Peak 372 244 -218 -.059 -.242 -.133
Power both legs
ReIatwg Peak 191 -175 -205 -101 -.216 -.141
Power right leg
Relative Peak -317 -277 -.196 -.004 -.143 -.012
Power left leg
LSI -.193 -179 .008 161 258 -364

4. Discussion

The aim of the research was to check whether relative lower limb power output dur-
ing leg press exercise and the degree of its asymmetry has an effect on COD and linear
sprint performance. The main finding of this study was that the relative lower limb-power
output during leg press exercise and a low level of inter-limb asymmetry in power output
does not relate with the 5- and 20-m linear sprint time and COD performance with 90
degree angle.

In studies conducted on handball players (men and women), moderate to very large
positive correlations between the mean propulsive power output during vertical jumps
(squat and countermovement jump) and COD performance (T-test, COD90) were ob-
served [10]. Wisloff et al. [28] found strong positive correlations between half squat max-
imum strength, 30m sprints, jumps (countermovement jump height ), and shuttle tests in
professional soccer players [28]. On the other hand, Loturco et al. [3], noted no significant
relationships between mean propulsive power (squat jump and half squat) and COD
(with 100° turn) among young soccer players. In this study also no statistically significant
correlations between lower limbs power output and the sprint time with COD perfor-
mance was noticed. The differences in the results of particular authors [10, 28] may result
from the use of different types of tests. Since the specificity of movement during COD
requires not only acceleration, deceleration and re-acceleration, but also maintaining co-
ordination, stabilizing the body and lowering the center of gravity of the body, not all tests
will reflect these requirements, which may affect the correlations. The authors also noted
that different levels of correlation might occur depending on the mechanical requirements
of the COD test used [10]. As noted by Nimphius et al. [27] there is no single COD require-
ment for all athletes, and there is probably no single test that is universally valid. Each
test should reflect its objective (e.g. complete test in minimum time or maximum speed)
and match the test accordingly. The above mentioned authors found that there was no
single method for evaluating COD that could explain the differences obtained in particu-
lar research projects [27].

The lack of a significant correlation between lower limbs' relative power output and
its asymmetry with the data obtained during the runs in this study may be caused by the
small asymmetry values. It should be checked whether, recruiting a group of athletes with
higher values of asymmetry, would result in higher correlations or not. In addition, the
correlation between COD, L-test, and % asymmetry is not significantly related. This may
result, as suggested by Lockie et al., [18] from slight differences in the asymmetry be-
tween the power of the lower limbs. Lockie and co-authors [18] noticed that participants
with greater training experience cope better with technical tasks, and thus perhaps their
asymmetries are made up by the technique of performing a movement. Moreover, they
noticed that the association of COD and asymmetry can be considered as an indicator of
an participants level of fitness [18].

Bishop et al. [19] noticed that larger asymmetries were associated with lower jumping
efficiency, the asymmetry of the countermovement jump on one leg was task-dependent,
with sprint times of 5, 10, 20 m [19]. Pardos-Mainer et al. [17] in studies on soccer players
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noticed that there is a relationship between lower limb power asymmetries and COD in
adolescent girls, which had no effect on physical performance [16]. However, according
to the knowledge obtained during the research, greater than 10% [17, 18] asymmetry be-
tween the lower limbs may result in disturbance of movement patterns and errors in the
correct performance of exercises during training tasks. It has been observed that asymme-
tries of less than 10% [17, 18] are associated with shorter times in running tests, and the
magnitude of the asymmetry may explain the disturbances occurring during COD [13].
The asymmetry detected in less trained individuals will decrease after the application of
appropriate training stimuli [27]. Previously in soccer, sprint and endurance tests were
applied most often, while currently specialists more frequently decide to introduce COD
tests that reflect match conditions[28]. The tests allow to monitor the physical fitness of
participants, as well as to detect asymmetry[17,18,29]. For participants with detected
asymmetry greater than 10% [17, 18], additional, equalizing training units should be used,
which will improve their motor performance [3].

5. Conclusions

Our research was conducted on a group of professional athletes, which may not
apply to the general public. Similar conclusions have already been drawn from research
conducted with youth soccer players [3]. There were several limitations in the described
studies that should be considered in the design of subsequent protocols to obtain more
accurate results. Research in the field of lower limb asymmetry should select a group with
greater asymmetry values than the one described above. It is also worth using individu-
alized % training loads instead of standardized ones, what will increase the reliability of
the results. Future research should include variable angles of turning in COD tests. In
addition, the authors noted the need to apply the same number of direction changes to
the right and left respectively, as well as to apply a first shift take-off to both right and left
sides. In order to expand the research, more participants of different age, sex and training
experience must be recruited, as well as subjects with a higher inter-limb power asym-
metry. It is also suggested to use different turning angels in COD tests. A variety of COD
angles used in the tests allows for the differentiation of variables, reflection of match con-
ditions and a broader presentation of the research problems considered [28]. Additionally,
it may be desirable to evaluate muscle activity during COD tests with Electromyography
clothing. Such changes would allow for more detailed results which could be used for a
wider audience. In addition, examining muscle activity during the tests performed would
help to specify which muscles generate bigger asymmetries. Further studies on the varia-
bles influencing CODDEEF are conducted to obtain reliable answers to emerging new ques-
tions. It is also interesting and worth checking whether the results in other professional
groups will be similar to the results of soccer players of this study. Future studies should
concentrate on the influence of lower limb power asymmetry of adductors and abductors
on COD performance, as well as on the effects of post activation potentiation of selected
muscles on this motor ability.

The results indicate that Lower Limb Power Asymmetry, 20m Straight Line Running,
COD, and L-Test are separate physical characteristics.

References

1.  Stojanovi¢ E, Stojiljkovi¢ N, Scanlan AT, Dalbo V], Berkelmans DM, Milanovi¢ Z. The activity
demands and physiological responses encountered during basketball match-play: A system-
atic review. Sports Med. 2018 Jan;48(1):111-35. DOI: 10.1007/s40279-017-0794-z

2. Nimphius S, Mcguigan MR, Newton RU. Relationship between strength, power, speed, and
change of direction performance of female softball players: J Strength Cond Res. 2010
Apr;24(4):885-95. DOI: 10.1519/]SC.0b013e3181d4d41d

3. Loturco I, Nimphius S, Kobal R, Bottino A, Zanetti V, Pereira LA, et al. Change-of direction
deficit in elite young soccer players: The limited relationship between conventional speed and


https://doi.org/10.1007/s40279-017-0794-z
https://doi.org/10.1519/JSC.0b013e3181d4d41d

Balt ] Health Phys Act. 2022;14(3):Article3.

8 of 10

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

power measures and change-of-direction performance. Ger ] Exerc Sport Res. 2018
Jun;48(2):228-34. DOI: 10.1007/512662-018-0502-7

Vescovi JD, Mcguigan MR. Relationships between sprinting, agility, and jump ability in fe-
male athletes. ] Sports Sci. 2008 Jan;26(1):97-107. DOI: 10.1080/02640410701348644

Buchheit M. Repeated-sprint performance in team sport players: Associations with measures
of aerobic fitness, metabolic control and locomotor function. Int J Sports Med. 2012
Mar;33(03):230-9. DOI: 10.1055/s-0031-1291364

Condello G, Minganti C, Lupo C, Benvenuti C, Pacini D, Tessitore A. Evaluation of change-
of-direction movements in young rugby players. Int J Sports Physiol Perform. 2013
Jan;8(1):52-6. DOI: 10.1123/ijspp.8.1.52

Sayers MGL. Influence of test distance on change of direction speed test results: ] Strength
Cond Res. 2015 Sep;29(9):2412-6. DOI: 10.1519/JSC.0000000000001045

Loturco I, Pereira LA, Moraes JE, Kitamura K, Cal Abad CC, Kobal R, et al. Jump-squat and
half-squat exercises: selective influences on speed-power performance of elite rugby sevens
players. PLoS ONE. 2017 Jan 23;12(1):e0170627. DOI: 10.1371/journal.pone.0170627

Papla M, Krzysztofik M, Wojdala G, Roczniok R, Oslizlo M, Golas A. Relationships between
linear sprint, lower-body power output and change of direction performance in elite soccer
players. Int ] Environ Res Public Health. 2020 Aug 22;17(17):6119. DOL
10.3390/ijerph17176119

Pereira LA, Nimphius S, Kobal R, Kitamura K, Turisco LAL, Orsi RC, et al. Relationship be-
tween change of direction, speed, and power in male and female national Olympic team
handball  athletes. ] Strength Cond Res. 2018 Oct;32(10):2987-94. DOIL
10.1519/JSC.0000000000002494

Nimphius S, Callaghan SJ, Spiteri T, Lockie RG. Change of direction deficit: a more isolated
measure of change of direction performance than total 505 time. J Strength Cond Res. 2016
Nov;30(11):3024-32. DOI: 10.1519/JSC.0000000000001421

Redden J, Stokes K, Williams S. Establishing the reliability and limits of meaningful change
of lower limb strength and power measures during seated leg press in elite soccer players. ]
Sports Sci Med. 2018;17(4):539-46.

Maloney SJ, Richards J, Nixon DGD, Harvey L], Fletcher IM. Do stiffness and asymmetries
predict change of direction performance? ] Sports Sci. 2016 Apr 30;1-10. DOL
10.1080/02640414.2016.1179775

Nygaard Falch H, Guldteig Reedergard H, van den Tillaar R. Effect of different physical train-
ing forms on change of direction ability: A systematic review and meta-analysis. Sports Med
- Open. 2019 Dec;5(1):53. DOI: 10.1186/540798-019-0223-y

Bourgeois, Frank. Strength, speed-strength and performance in change of direction tasks in
rugby union athletes. 2017.

Pardos-Mainer E, Bishop C, Gonzalo-Skok O, Nobari H, Pérez-Gémez ], Lozano D. Associa-
tions between inter-limb asymmetries in jump and change of direction speed tests and phys-
ical performance in adolescent female soccer players. Int ] Environ Res Public Health. 2021
Mar 27;18(7):3474. DOL: 10.3390/ijerph18073474

Michailidis Y, Savvakis C, Pirounakis V, Mikikis D, Margonis K, Thomas M. Association be-
tween jump asymmetry and reduced performance in the change of direction tests of youth
soccer players. ] Phys Educ Sport. 2020 May 30;2020(03). DOI: 10.7752/jpes.2020.03188
Lockie RG, Callaghan SJ, Berry SP, Cooke ERA, Jordan CA, Luczo TM, et al. Relationship
between unilateral jumping ability and asymmetry on multidirectional speed in team-sport
athletes. ] Strength Cond Res. 2014 Dec;28(12):3557-66. DOI: 10.1519/JSC.0000000000000588
Bishop C, Read P, McCubbine J, Turner A. Vertical and horizontal asymmetries are related to
slower sprinting and jump performance in elite youth female soccer players. J Strength Cond
Res. 2021 Jan;35(1):56-63. DOI: 10.1519/JSC.0000000000002544

Kalata M, Maly T, Hank M, Michalek J, Bujnovsky D, Kunzmann E, Zahalka F. Unilateral and
bilateral strength asymmetry among young elite athletes of various sports. Med Kaunas Lith.
2020 Dec 10;56(12). DOI: 10.3390/medicina56120683

Fousekis K, Tsepis E, Vagenas G. Lower limb strength in professional soccer players: Profile,
asymmetry, and training age. ] Sports Sci Med. 2010;9(3):364-73.

Comfort P, Jones P, McMahon JJ, editors. Performance assessment in strength and condition-
ing. London; New York: Routledge, Taylor & Francis Group; 2019. DOL
10.4324/9781315222813


https://doi.org/10.1007/s12662-018-0502-7
https://doi.org/10.1080/02640410701348644
https://doi.org/10.1055/s-0031-1291364
https://doi.org/10.1123/ijspp.8.1.52
https://doi.org/10.1519/JSC.0000000000001045
https://doi.org/10.1371/journal.pone.0170627
https://doi.org/10.3390/ijerph17176119
https://doi.org/10.1519/JSC.0000000000002494
https://doi.org/10.1519/JSC.0000000000001421
https://doi.org/10.1080/02640414.2016.1179775
https://doi.org/10.1186/s40798-019-0223-y
https://doi.org/10.3390/ijerph18073474
http://doi.org/10.7752/jpes.2020.03188
https://doi.org/10.1519/JSC.0000000000000588
https://doi.org/10.1519/JSC.0000000000002544
https://doi.org/10.3390/medicina56120683
https://doi.org/10.4324/9781315222813

Balt ] Health Phys Act. 2022;14(3):Article3.

9 of 10

23.

24.

25.

26.

27.

28.

29.

Maior A. Absolute and relative peak power during pneumatic squat exercise using different
percentages of loads in elite soccer players. Hum Mov. 2020;21(3):64-70. DOL
10.5114/hm.2020.91347

LeBrasseur NK, Bhasin S, Miciek R, Storer TW. Tests of muscle strength and physical func-
tion: reliability and discrimination of performance in younger and older men and older men
with mobility limitations. ] Am Geriatr Soc. 2008 Nov;56(11):2118-23. DOI: 10.1111/j.1532-
5415.2008.01953.x

Bishop C, Read P, Chavda S, Turner A. Asymmetries of the lower limb: The calculation co-
nundrum in strength training and conditioning. Strength Cond J. 2016 Dec;38(6):27-32. DOI:
10.1519/SSC.0000000000000264

Hopkins WG. Measures of reliability in sports medicine and science. Sports Med.
2000;30(1):1-15. DOI: 10.2165/00007256-200030010-00001

Bazyler CD, Bailey CA, Chiang CY, Sato K, Stone MH. The effects of strength training on
isometric force production symmetry in recreationally trained males. ] Trainology.
2014;3(1):6-10. DOI: 10.17338/trainology.3.1_6

Chaouachi A, Manzi V, Chaalali A, Wong DP, Chamari K, Castagna C. Determinants analysis
of change-of-direction ability in elite soccer players. ] Strength Cond Res. 2012
Oct;26(10):2667-76. DOL: 10.1519/]SC.0b013e318242{97a

Nadler SF, Malanga GA, Feinberg JH, Prybicien M, Stitik TP, DePrince M. Relationship be-
tween hip muscle imbalance and occurrence of low back pain in collegiate athletes: A pro-
spective study. Am ] Phys Med Rehabil. 2001 Aug;80(8):572-7. DOI: 10.1097/00002060-
200108000-00005


https://doi.org/10.5114/hm.2020.91347
https://doi.org/10.1111/j.1532-5415.2008.01953.x
https://doi.org/10.1111/j.1532-5415.2008.01953.x
https://doi.org/10.1519/SSC.0000000000000264
https://doi.org/10.2165/00007256-200030010-00001
https://doi.org/10.17338/trainology.3.1_6
https://doi.org/10.1519/JSC.0b013e318242f97a
https://doi.org/10.1097/00002060-200108000-00005
https://doi.org/10.1097/00002060-200108000-00005

Balt ] Health Phys Act. 2022;14(3):Article3. 10 of 10

Author Contributions: Study Design, MP, AG; Data Collection, MP, AL; Statistical Analysis, MP, AL; Data Interpretation, MP,
WG; Manuscript Preparation, MP; Literature Search, MP; Funding Acquisition, WG, AG. All authors have read and agreed to
the published version of the manuscript.

Acknowledgements: Thanks to Michat Krzysztofik for help with the statistical analysis and data interpretation.
Funding: This research received no specific grant from any funding agency in the public, commercial, or not-for-profit sectors.

Institutional Review Board Statement: The study protocol was approved by the Bioethics Committee for Scientific Research
(3/2021), at the Academy of Physical Education in Katowice, Poland, and performed ac-cording to the ethical standards of the
Declaration of Helsinki, 2013.

Informed Consent Statement: Informed consent was obtained from all subjects or their legal guardians (in case of underage
persons) involved in the study.

Data Availability Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest.



	Relationship between lower limb power output, sprint and change of direction performance in soccer players.
	Recommended Citation

	Relationship between lower limb power output, sprint and change of direction performance in soccer players.
	Abstract
	Keywords
	Creative Commons License
	Cover Page Footnote

	1. Introduction
	2. Materials and Methods
	2.1. Experimental Design
	2.2. Study Participants
	2.3. Testing Procedures
	2.3.1. Linear Sprint Test
	2.3.2. Change of Direction Tests
	2.3.3. Lower-Body Power Output
	Through the second experimental session, peak power output during the leg press exercise was assessed using the Keiser Air420 leg press pneumatic machine (Keiser Corporation, Fresno, CA, USA). The load was 120% of the subject's body weight [23]. The K...
	2.3.4. Asymmetry index
	2.4. Statistical Analysis

	3. Results
	4. Discussion
	5. Conclusions
	References

