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Soccer is a sport being performed in a very dynamic manner. It requires soccer players to be able to develop high muscle force in
a very short period of time. The aim of the study was to evaluate the strength and jumping abilities of young soccer players playing in
different positions on the field. The study included 49 adolescent soccer players: 6 goalkeepers, 15 defenders, 17 midfielders and 11 strikers.
We measured peak torques (PT), total work (TW), and average power (AP) developed by the knee flexors and extensors under isokinetic
conditions at angular velocities of 60°-s™', 180°s™ and 300°s™ on a Biodex dynamometer, and jump height () and maximum power (Pyqy)
on a force plate. PT, AP, TW, and P,,,, scores were normalized relative to body mass. There were no statistically significant differences
between measurements of basic somatic characteristics (body height and body weight), age and biological age as well as PT, AP, TW, H,
and Py, in players from different positions on the field. Unlike defenders, midfielders showed a significant correlation of isokinetic tests
indices with jump height ( = 0.54+0.84) and maximum relative power (» = 0.55+0.76). The differences in correlations are probably due

to the different tasks and activities that players in different positions on the field perform during the game.
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1. Introduction

Soccer is a sport that places great physiological de-
mand on players. Soccer players should have a high
resistance to fatigue as they run long distances during
a match, with games lasting more than 90 minutes
[19], [35]. The way the game is played is constantly
evolving. Although the total distance covered during
a match does not change significantly, the number of
short bouts of running at high speeds increases [4].
The initiation of high-intensity run requires the lower
limb muscles to generate high power, which means, to
perform high-volume work in a short time. There is

a correlation between the ability to develop muscle
power and the running speed and time required for
soccer players to cover short distances [6], [12], [19],
[24], [33].

Isokinetic measurements are one of the commonly
used methods of assessing muscle strength among
soccer players [4, 31, 36, 38]. During these, the speed
of movement remains constant at a fixed level, and
the torque developed by the muscle groups is meas-
ured [11]. Due to its high reproducibility, this method is
considered the gold standard for measuring adolescent
muscle strength potential, the ratio of strength capa-
bilities of antagonistic muscle groups and their sym-
metry [23]. Another advantage of using isokinetic meas-
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urements over other methods is the ability to assess
muscle strength under dynamic conditions [11]. These
conditions are highly similar to football-specific move-
ments made by players of different positions on the field.
However, few studies have addressed the potential of
strength developed under isokinetic contraction in play-
ers under the age of 15 [2], [6], [14].

In soccer, the muscles that support the knee joint are
of paramount importance for performance. The high
torque values developed by the quadriceps muscle group
are considered as essential to perform efficient move-
ments of the player on the field, ball kicking, and high
jumps, while the hamstring muscles stabilize the knee
joint and helps with locomotion [30]. Very often, the
hamstrings performs eccentric contractions to deacceler-
ate the body. Due to the involvement of both antagonis-
tic muscle groups in many motor activities during play, it
becomes extremely important to develop them evenly.
Yamaner et al. [41] reported that soccer players are most
prone to lower limb soft tissue injury. It is assumed that
an abnormal ratio of muscle strength of the knee flexors
to extensors is a predictor of knee joint injury [16].

It has been suggested that the amount and type of
different activities on the field may be related to the
position of a player on the field [30]. Specific anthro-
pometric features and motor skills can be a criterion for
talent identification and for selecting a player to play in
a particular position during the game [12]. The scien-
tific literature contains examples of papers that have
analyzed differences in anthropometry [1], [12], [26],
[32], muscular strength [2], [3], [14], and other ele-
ments of physical fitness [12], [26] that occur between
teenage soccer players playing in different field posi-
tions. According to Lago-Penas et al. [18], studies ex-
amining the prevalence of differences between adoles-
cent players with different roles on the soccer field are
fewer in number than those on professional players,
with their results being inconsistent.

The selection of training loads during preparation
of teenage athletes should be appropriate to the motor
capabilities of the players of selected field position.
Preparing a young athlete for the specific demands of
the occupied position on the field will involve differ-
entiating the training of individuals. Differences in the
ability of players of different positions to develop mus-
cular strength and power should be reflected through
the selection of training loads. It seems reasonable,
therefore, to assess the motor capabilities of football
players in the U15 category. The aim of the study was
to evaluate the differences in strength and jumping
abilities of adolescent soccer players playing in differ-
ent field positions.

2. Materials and methods

2.1. Participants

The study involved 49 adolescent soccer players
from three of Polish top soccer clubs. The players were
divided according to their position on the field: 6 goal-
keepers, 15 defenders, 17 midfielders and 11 strikers.
The study was approved by the Bioethics Committee of
the Ethics Committee of the Institute of Sport — National
Research Institute (approval number: KEBN-16-19-AP).
Written informed consent was obtained from the partici-
pants and their legal guardians. The study was conducted
according to the Declaration of Helsinki. Basic somatic
characteristics are presented in Table 1.

Players playing in different positions on the field
did not differ significantly in chronological or biologi-
cal age and training experience. Although the analysis
of variance indicated the presence of a statistically sig-
nificant difference in body height, the post-hoc analy-

Table 1. Demographic data. Mean values (+SD) and 95% confidence intervals of age, body mass and body height
of players playing in different positions on the field

GK (n=16) DEF (n=15) MID (n=17) ST (n=11) F p n?
Biological age [years] (g:gi?;g) (ii:gjlé:;;) (ij:g;jléé?) (ii:g(s)jléiig) 0.28 | 0.84 1002
Years of raining [years] (64?607f71.3236) (65 .133;61.;46) (66.7213f79i95;2) (65%95;796812) 094 | 0.43 1006
Body height [cm] (}g(l)g—il ;g:gg) (116761..5257j785..5918) (116627.‘10 86+j1E791‘%994) &Z?Igi;gﬁg?) 3.26 1 0.03 1 0.18
Body weight [ke] (6572%250;1;'7503) (gg:ﬁ;g:g;) 55562140i6119;1799) 5512.7469i7113.68411) 1.63 1 020 1 0.10

GK — goalkeepers, DEF — defenders, MID — midfielders, ST — strikers.
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sis showed no statistically significant (p = 0.068)
differences between players playing in different po-
sitions.

2.2. Measurement protocol

Design and procedures

Upon arrival at the laboratory, the players were in-
structed on the purpose, the experimental procedure,
and the possibility of withdrawal from the measure-
ments at any time during the tests. The players signed
the relevant statements, and their legal guardians gave
written informed consent for the examination. Anthro-
pometric measurements of the players were taken under
the supervision of a qualified research team, followed
by an individual warm-up. The warm-up included
jumps, runs over a distance of several meters, basic
gymnastic exercises and stretching. After the player was
ready, the isokinetic measurements were performed,
followed by the jumping tests.

Anthropometric measurements

One person performed anthropometric tests using
the International Society for the Advancement of Ki-
nanthropometry (ISAK) protocols [24]. Body height
and sitting height were determined using a SiberHeg-
ner anthropometer (Switzerland), whereas body mass
was measured using a Tanita TBF 300 body compo-
sition analyzer (Japan). The degree of biological
development of the soccer players was determined
by anthropometric measurements (body height and
sitting height, estimated leg length and body mass)
using the age at peak height velocity (APHV) method
[22].

Isokinetic strength

The Biodex System 4 Pro isokinetic dynamometer
was used to evaluate the values of muscle torques of
the right and left knee joints under isokinetic conditions.
The device was equipped with a software-controlled
dynamometer to allow constant external conditions for
muscle work. The player sat in a seat with the back-
rest tilted 15° from the vertical line and was stabilized
by three straps attached to the plane of the backrest. In
addition, the player’s thigh was immobilized relative
to the seat with a single strap. The mobility of the seat
and dynamometer head allowed for accurate posi-
tioning of the knee joint axis relative to the axis of
rotation of the dynamometer lever. Testing was per-
formed in the sagittal plane. The hip girdle and torso
were stabilized with special straps. The players were

instructed to make three movements on hearing a com-
mand from the test supervisor, each of extension and
flexion at the knee joint while moving the dyna-
mometer lever as much as they could throughout the
range of motion. The players performed the measure-
ments at the movement velocities of 60°-s', 180°s™
and 300°s"'. There was a 30-second break between the
series of movements with each measured speed. The
largest recorded value of the muscle torque devel-
oped at each velocity was selected. In further analy-
sis, the average values obtained from measurements
separately for the right and left lower limbs were
used.

Power output and height of jump

The power output of lower extremities (Py,x) and
the height (H) of the center of mass (COM) during
vertical jumps were measured using a force plate
(“JBA” Zb. Staniak, Poland). The MVJ v. 3.4 software
package (“JBA” Zb. Staniak, Poland) was used for
measurements. Relative peak power (power - mass '
[W - kg']) and maximum height of the body’s COM
(h [cm]) were calculated from the recorded ground
reaction force. Each participant performed nine verti-
cal jumps on the force plate: three jumps of each kind.
There was a 5 second break between each jump in the
series and a 1 minute break between each series of
jumps. The characteristics of each jumping test were
the following:

e ACMIJ — akimbo counter-movement jump — a ver-
tical jump without arm swing from an upright
standing position with hands on the hips and coun-
ter-movement of the COM before the take-off;

e (CMIJ — counter-movement jump — a vertical jump
from a standing erect position, preceded by an arm-
swing and counter-movement of the body COM be-
fore the take-off;

e BCMIJ - bounce counter-movement jump — a ver-
tical jump measured after tested player jumps on
a platform from few meters run-up with by an arm-
swing and counter-movement of the body COM be-
fore the take-off. The analysis included the highest
jump from each type.

Statistical analysis

Descriptive statistical analysis consisted in the de-
termination of mean values, standard deviations, and
95% confidence intervals of the means of the indices
studied. The normality of the distribution of variables
was verified using the Shapiro—Wilk test. Furthermore,
we used the Levene’s test and the Mauchly’s test to
evaluate homogeneity and sphericity of variance,
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respectively. One-way analysis of variance (ANOVA)
was used to evaluate differences in anthropological
indices (Table 1). A two-way analysis of variance
with a repeated-measures design was used to analyze
differences in indices characterizing isokinetic strength
and performance in the jumping tests. The effect size
was assessed using partial 77, classified as small
(0.01 < 1 < 0.06), medium (0.06 < 1> < 0.14), and
large (777 > 0.14) [7]. If the assumption of sphericity
of variance was not met, the Greenhouse—Geisser
correction was employed to adjust the probability
value p. Differences between groups were compared
post-hoc using Tukey’s test with correction for differ-
ent group sizes. If the assumption of homogeneity of
variance was not met, the Dunett test was additionally
applied. Pearson’s linear correlation coefficient was
used to analyze the relationship between the variables.
The strength of the relationship was assessed as small
(R <0.1), medium (0.1 < R <0.5), or large (R > 0.5)
[7]. A level of significance for the above analyses was
set at p = 0.05. Statistical analysis was conducted using
the STATISTICA™ v. 13.1 (TIBCO Software Inc.,
2017) and Microsoft Excel 2016 software (Microsoft
Corporation, 2016).

3. Results

In Table 2, the results of the jumping test are
contained. In the analysis of jump height (H) and
maximum relative power (Ppn.y), there was no sta-
tistically significant effect of the player’s position on
the field. The players tested, performing successive
jumping tests, obtained significantly different values
for their jump height (F99 = 380; p < 0.05) and

maximum relative power (Fa90 = 229; p < 0.05). The
effect size was found to be large in both cases. There
was no statistically significant interaction between the
type of jump and the position in which the players
played.

In Table 3, the results of measurements of peak
torques (PT), total work (TW), and muscle average
power (AP) developed under isokinetic conditions are
shown. The results characterizing the muscle groups of
the knee extensors and flexors were not significantly
different between the playing positions on the field.
The players, performing concentric extension and flex-
ion movements at the knee joint at different angular
velocities, developed different peak torque values
(F2_90 = 544, p < 0.05 and F2_90 = 215, p < 005, re-
spectively). There was a statistically significant dif-
ference between the average power of the quadriceps
(Fr90 = 371; p < 0.05) developed only at velocities of
300°-s ' and 60°-s ' (p < 0.05) and 180°-s ™" and 60°-s™'
(p < 0.05). The average power generated by the bi-
ceps femoris muscles differed significantly for move-
ments at all velocities studied (Fh9o = 92; p < 0.05).
Although the results of the analysis of variance indi-
cate the presence of a statistically significant differ-
ence between the values of the total work of the knee
flexor muscle group performed by players playing in
different positions on the field (F,99 = 2.82; p < 0.05),
the post hoc analysis showed the absence of statisti-
cally significant differences. Total work performed
during knee extension and flexion at different angu-
lar velocities was statistically different (F,g9 = 264;
p < 0.05 and F99 = 206; p < 0.05, respectively). The
effect sizes of the comparisons were large. There was no
statistically significant interaction between the move-
ment velocity and the position in which the players
played.

Table 2. Jump height and maximum relative power developed during vertical jumps

Jt;l;f GK(n=6) | DEF(n=15) | MID(n=17) | ST (n=11) Interaction F » 2
ACMI| g Grm39.39) | 1663567 | (073-3467) | (0753622 | Posiion | 065 | 059 | 004
BOMI | 40 70re0.60) | d631-5117) | (43.9345.68) | (438351 12) | xjompivpe | 038 | 08¢ | 002
[WID.mﬁ;*l] CMJ (;(2):;3;;22) (géjgiggéé) égiggigéﬁ) é%:g?i;g;) jump type 229 | <0.001 | 0.84
BOMI | 50710:5437) | (36.97-50.58) | (04754 73) | (43.66:53.89) | xpomprope | 059 | 067 | 004

H — jump height, P,,,, — maximum relative power, GK — goalkeepers, DEF — defenders, MID — midfielders, ST — strikers.
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Table 3. The maximum values of peak torque, total work, and average power developed during isokinetic tests

Angular
velocity GK (n=06) DEF (n=15) | MID (n=17) ST (n=11) Interaction F )4 7>
[°s']
141£018 | 150<016 | 143+021 147+022 )
30001 (1005160) | (14251.59) | (1.32:1.54) | (1.32+1.62) position 0.68 1 0.57 | 0.04
EPT 191034 | 201016 | 191+031 1.96 £ 0.20 .
[N-m] 180 (156:227) | (1.93:2.10) | (1.75:2.06) | (1.83-2.10) | 2rgularvelocity | 544 | <0.001 | 0.92
280063 | 2.78+034 | 2.56+043 | 270+026 position
60 113 | 035 | 0.07
(2.14+3.45) (2.59+2.96) (2.34+2.78) (2.52+2.87) |x angular velocity| ° ’ ’
0844015 | 092+0.13 | 096=0.11 | 096+021 )
300 (0.68-0.99) | (0.85-1.00) | (0.91+1.02) | (0.82+1.10) position 0.64 | 059 | 0.04
FPT 099+0.18 | 1.13+£0.14 | 1.16+0.18 | 1.15+0.13 .
[N-m] 1801 081=1.18) | (1.06:121) | (1.07:126) | (1.06:124) | angularvelocity | 215 1 <0.001 | 0.83
157029 | 154+032 | 150+026 | 1.62+0.12 position
60 (126-1.88) | (1.36+1.72) | (136:1.63) | (1.54+1.70) |x angular velocity| ' | 023 | 009
3284055 | 3.86+048 | 374086 | 3.86+0.75 )
30001 270:3.85) | (3.59+4.13) | (330:4.18) | (3.36+4.37) position 0.87 ] 046 1005
EAP 3364071 | 3.73+044 | 3.59+£059 | 3.67+038 .
w-kg'p| 180 2.62:411) | (348:397) | (329:390) | (341-3.92) | neularvelocity | 371 | <0.001 | 0.89
179037 | 1.83+£025 | 1.70+035 | 1774021 position
60 (1.40+2.18) (1.69+1.97) (1.52+1.88) (1.63+1.91) |x angular velocity 1.09 0.37 0.07
118060 | 1.79+049 | 181+0.67 | 1.84%057 )
300 (0.55-1.81) | (1.522.06) | (1.47:2.16) | (1.45:2.22) position 2131 0.1 0.12
FAP 1.63+0.53 | 203031 | 202+044 | 2.10+033 .
wokg']| 0| 07:219) | (186+22) | (180:225) | (1.8s-232) | angularvelocity | 89 ) <0.001 ) 0.67
099029 | 1.05+024 | 1.02+021 1.10+0.13 position
60 0.68-129) | (0.92+1.18) | (0.91+1.13) | (1.01=1.19) |x angular velocity| 4 | 023 | 009
423072 | 505+059 | 516127 | 529+0.88 )
3000 1 (347:499) | (4.72:538) | (451-582) | (4.69:5.88) position 116 10.33 ) 0.07
ETW 605£1.12 | 689+098 | 681142 | 7.04=0.80 .
moke'p | 10 (4.87-723) | (635:7.44) | (6.08:7.54) | (6.50:7.58) | 2neularvelocity | 264 | <0.001 | 0.85
7344122 | 844+1.14 | 791+198 | 822+1.16 position
60 (6.06+8.62) (7.81+9.08) (6.89+8.93) (7.44+9.00) |x angular velocity 0.84 0.52 0.05
171084 | 265+0.66 | 279+1.02 | 2.77+081 )
300 (0.83+2.59) | (2.29:3.02) | (227+331) | (2.22+3.31) position 282 005 1016
FTW 3.05£097 | 4154064 | 429+1.16 | 4.69+1.13 .
Uoke'] | 0 | (203+4.06) | (3.80:4.51) | (3.69+4.88) | (3.93+5.45) | neularvelocity | 206 | <0.001 ) 0.82
4.67+1.20 534 +1.27 5.07+1.16 5.74+0.75 position
60 (3.415.92) | (4.64+6.05) | (4.48:5.66) | (5.24+6.24) |x angular velocity| !¢ | 025 | 0.08

EPT — extensors peak torque, FPT — flexors peak torque, EAP — extensors average power, FAP — flexors average power, ETW — ex-
tensors total work, FTW — flexors total work, GK — goalkeepers, DEF — defenders, MID — midfielders, ST — strikers.

In Table 4, the values of the ratios of torques of the
knee flexors to extensors (H/Q ratio), the total work
and the average power developed under isokinetic con-
ditions are shown. The ratio of peak torques developed
by the biceps femoris and the quadriceps did not differ
statistically significantly in players playing in different
positions on the field. There was a statistically sig-
nificant difference (Fr99 = 11; p < 0.05) between the
ratios of strength abilities of the hamstrings and the
quadriceps during movements at velocities of 300°-s™'
and 60°s' (p < 0.05) and 180°s™' and 60°s'
(p <0.05). The ratio of average power developed and
total work performed by the knee flexors and exten-

sors differed significantly in movements at all measured
velocities (Fhgo = 62; p < 0.05, Fr90 = 48; p < 0.05,
respectively). The effect sizes of the comparisons
were large. There was no statistically significant inter-
action between the movement velocity and the posi-
tion in which the players played.

In Table 5, the values of Pearson correlation coef-
ficients evaluating the relationship between the results
of the jumping tests and selected results of isokinetic
measurements of defenders and midfielders are shown.
Due to the small size of the groups of goalkeepers
(n = 6) and strikers (n = 11), it was decided not to
include the results in the interpretation. However, the
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Table 4. Values of peak torque, total work, and average power developed by the knee flexors and extensors
under isokinetic conditions

Angular
velocity GK (n=6) DEF (n=15) | MID (n=17) ST (n=11) Interaction F P 7
[°s]
0.61£0.14 | 062+0.06 | 068+0.10 | 0.66+0.12 )
oT 300 (0.46-0.75) | (0.58+0.65) | (0.63+0.74) | (0.57+0.74) position 210001 0.12
. 0524006 | 056+0.06 | 0.62+0.11 | 0.59=0.05 .
H/ Q[ r]a“" 180 (046:0.58) | (0.53:0.60) | (0.56-0.68) | (0.55-0.62) | 2rgularvelocity ) 11} <0.001 | 020
0 0.57+0.10 | 0554009 | 0594009 | 0.61+0.08 position | | a0
(0.46+0.68) | (0.50+0.60) | (0.54+0.64) | (0.55+0.66) |x angular velocity
0354013 | 046+0.09 | 048+0.15 | 0.47+0.09 B
o 30001 0212048) | (0.41-0.51) | (0.4120.56) | (0.41+0.52) position 244 008 1 0.14
. 047+0.11 | 055+0.06 | 0.57+0.12 | 0.57=0.06 .
H/ (% r]a“" 180 (0.35:0.58) | (0.51-0.58) | (0.51-0.63) | (0.53=0.61) | 2neularvelocity | 62 | <0.001 ) 0.58
0 0.55+009 | 0.57%008 | 0.61%009 | 063007 position | 1 os | 045 | 006
(0.45:0.64) | (0.53+0.61) | (0.56-0.65) | (0.58+0.67) |x angular velocity
039+0.14 | 052+0.09 | 054+0.16 | 0.52+0.09 )
W 300 (0.240.54) | (0.47+0.57) | (0.46+0.62) | (0.45+0.58) position 2.25 | 0.10 1 0.13
. 0.50+£0.11 | 0.60+0.07 | 0.63+0.13 | 0.67%0.15 .
H/ Q[ r]a“" 180 (0.38:0.62) | (0.57-0.64) | (0.57:0.70) | (0.56=0.77) | rgularvelocity ) 48 | <0.001 | 052
o 0634012 | 063011 | 0.65+009 | 0.71+0.10 position |, | 007 | o
(0.51+0.76) | (0.57+0.69) | (0.60-0.70) | (0.64+0.77) |x angular velocity

PT — peak torque, AP — average power, TW — total work, H — hamstrings, Q — quadriceps, GK — goalkeepers, DEF — defenders,

MID — midfielders, ST — strikers.

Table 5. Values of Pearson correlation coefficients between results of jumping tests and results
of isokinetic measurements of the quadriceps

Angular H [em] Prax [W - kg'']
velocity DEF (n = 15) MID (n = 17) DEF (n = 15) MID (1 = 17)
5] ["ACMI| CMJ | BCMI | ACMI | CMI | BCMJ | ACMI | CMI | BCMJ | ACMI | CMJ | BCMI
- 300 | 010 | 011 | —0.01 | 0.63* | 0.82% | 0.84* | —0.09 | 022 | 018 | 0.55* | 0.72* | 046
N.omj | 180 | 038 | 033 | 026 | 061* |076* | 074* | 0.08 | 0.03 | 035 | 071* | 0.76* | 0.64°
60 | 038 | 028 | 036 | 0.66* | 0.73* | 0.58* | —0.07 | —0.10 | 030 | 0.74* | 0.74* | 0.70*
EAD 300 | 001 | 011 | —0.04 | 0.56* | 0.70* | 0.81* | 002 | 024 | 020 | 033 | 057 | 028
Wokg'y| 180 | 028 | 033 | 049 | 059% | 075 | 072% | 014 | 040 | 058% | 0.65% | 0.74% | 0.56%
60 | 046 | 042 | 055% | 0.59% | 0.70% | 0.54* | 000 | 014 | 042 | 0.59% | 0.66* | 0.56*
T 300 | 005 | 004 | 004 | 056* | 0.71% | 0.81* | —0.01 | 030 | 029 | 035 | 0.56* | 034
Dokg'] | 180 | 008 | 045 | 040 | 0.62% | 0.78% | 0.75% | 003 | 040 | 0.55% | 0.59% | 071¢ | 0.52*
60 | 022 | 030 | 033 | 0.63* | 0.76* | 0.71% | —0.09 | 007 | 030 | 057* | 0.70* | 0.57*

EPT — extensors peak torque, EAP — extensors average power, ETW — extensors total work, A — jump height, P, — maximum
relative power, DEF — defenders, MID — midfielders, * — statistically significant correlation p < 0.05.

results of the statistical calculations are included in
Supplement 1.

Of all three jumping tests, the jump height in mid-
fielders correlated significantly (p < 0.05) with the
peak torque, average power and total work done by the
quadriceps muscles during isokinetic measurements.
For defenders, there was only a correlation between
the BCMJ’s jump height and the average power gen-
erated by the quadriceps during movements at 60°-s .
The ratio of the value of power generated during ver-
tical jumps to body mass in the group of midfielders

correlated significantly with the indices obtained dur-
ing isokinetic measurements of the quadriceps. The
exceptions were the lack of significant correlation
between the relative power developed in the ACMJ and
BCM]J jumps, as well as the total work and the average
power generated during movements at 300°-s . Fur-
thermore, there was no statistically significant rela-
tionship between relative power in the BCMJ jump
and peak torque during movement at 300°s . In the
group of defenders, there were statistically significant
correlations only for total work and average power
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generated at 180°s™' and peak relative power gener-

ated during BCMJ jumps.

4. Discussion

The most important observation of our study is
the difference between midfielders and defenders. In
contrast to defenders, there was a correlation in mid-
fielders between jumping test results and isokinetic
measurements. However, we did not find differences
in the jump height, peak power, and muscle strength
developed under isokinetic conditions by the adoles-
cent soccer players playing in different positions on
the field.

Isokinetic strength potential of players
of different positions

The differences that exist between professional play-
ers performing different roles on the field have been
the subject of many studies [4], [31], [32], [36]. Dit-
ferent levels of flexor and extensor muscle strength in
the knee joint in players playing in different positions
on the field were previously recorded by Ruas et al.
[30], Salguero et al. [31] or Sliwowski et al. [36],
whereas Tourny-Chollet et al. [38] found differences
only in the torques developed by the hamstrings.
Studies available in the literature on the prevalence of
differences in the ability of teenage soccer players
playing in different positions on the field to develop
muscle strength are inconclusive [18]. Our research
shows that teenage players playing in different posi-
tions exhibit similar levels of relative muscle strength.
Results showing that there were no differences in
strength potential were also observed in the studies by
Bona et al. [2] and Bonetti et al. [3]. Furthermore, in
a study by Herdy et al. [14] goalkeepers, compared to
other players, developed the highest values of muscle
torques at all measured movement velocities. It should
be emphasized, however, that Herdy et al. [14] ana-
lyzed the absolute values of muscle torques, while our
study focused on the ratios of the torques to the body
mass of the participants. According to Scoz et al. [32],
differences in strength potential might no longer be
significant as a result of the normalization of isokinetic
test results to body mass. The goalkeepers are often
characterized by the greatest body height and body
mass [13], [27], [28]. The larger size of the lower limbs
requires the development of larger absolute values of
muscle torques during dynamic soccer movements. In
the case of the players in our study, the goalkeepers
were not significantly distinguished by their body mass

and height. However, it is important to keep in mind
the small size of the group of players participating in
the study. It is worth noting that the results of the sta-
tistical analysis indicated the presence of a tendency
for differences between groups, with the p = 0.068
close to the accepted significance level of p = 0.05.
This indicates the need for further research in this
field.

The muscle torques we recorded decreased when
developed under isokinetic conditions at progressively
higher velocities. This is consistent with the research
of many authors [8], [10], [19] and is based on the
physiological capacity of muscles to develop forces as
described by Hill [15].

Muscle strength imbalance

It is important that soccer training of adolescent
players should lead to their sustainable development.
An imbalance in the strength abilities of the knee
flexors and extensors is considered as a predictor of
injury [16]. In our study, there were no differences in
the ratios of the strength of the antagonistic muscle
groups of the knee joint in players playing in different
positions on the playing field. H/Q ratios at a velocity
of 60°-s™' were close to the value of 0.6, which is rec-
ommended and consistent with the results of many
authors [5], [25], [30], [36]. Correct proportions of the
torques developed by antagonistic muscle groups tes-
tify to a well-conducted training process of the studied
young athletes. The results of other authors show the
increasing contribution of biceps femoris strength to
the H/Q ratio and an increase in the value of the ratio
for increasing rotational velocity of movements in
isokinetic measurements [5], [8], [10], [19]. The H/Q
ratios recorded in our study at 60°-s” differed from
those obtained at the other two velocities. Noteworthy
are the small H/Q ratios recorded at 300°-s ', averag-
ing from 0.61 for goalkeepers to 0.68 for midfielders.
These values are consistent with the results presented
by [20], [30]. However, many authors have docu-
mented slightly higher results, exceeding the ratios of
0.7 [5], [10], and even reaching 0.8 [8]. According to
Ramos et al. [29], the age of participants does not
affect the value of the ratio. Therefore, it is likely that
the differences between the reports are due to the dif-
ferent training the groups participating in each study
performed.

Jumping abilities of players
of different positions

The quadriceps and hamstrings are muscles used
very often in soccer. They participate in locomotion,
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jumping, and kicking the ball. These are dynamic
movements in which strength must be developed ex-
plosively. Jumping tests are commonly used to assess
muscle power. Similar to our study, no statistically
significant differences in CMJ jump height between
players playing in different positions were found by
other researchers [1], [12], [17], [18]. In a study by
Portes et al. [28], goalkeepers were distinguished from
other players by jumping the highest. Other studies
[2], [13], [26] showed differences in jump height be-
tween midfielders and strikers. The ability to move
efficiently on the field is critical to the game of soccer.
There is a relationship between jumping ability and
running speed and time required for soccer players to
cover short distances [6], [12], [25], [33]. Jumping
abilities have also been shown to be related to agility
[12] and the ability to quick change of running direc-
tion [21]. In our study, there was a correlation of
maximum muscle torque with jumping ability and
power developed during jumps in midfielders, which
was not observed in defenders. Although the midfield-
ers we studied had similar strength potential to defend-
ers, it is possible that they used it in slightly different
ways. The player in different positions have different
roles on the field. The different activities performed
during the game may contribute to the development of
a slightly different jumping movement technique in
midfielders than in defenders. Therefore, the correla-
tion of strength with jumping ability occurs only in
midfielders. The task of the midfielders is to support
the strikers and organize offensive actions. A similar
correlation of isokinetic and jumping tests was docu-
mented in strikers by Busko et al. [5]. When planning
an attacking action, midfielders wishing to use the
element of surprise must break free from the opposing
team’s defenders, for example, by suddenly acceler-
ating and overtaking their adversaries. Vigne et al.
[39] noted that midfielders are more likely than other
players to cover distances between 2 and 9 meters and
between 30 and 40 meters, and a greater total distance
during the game. In our study, we analyzed peak
torque, but we did not measure the rate of torque devel-
opment, which is correlated with jumping ability [37].
The ability of muscles to develop large forces faster
enables the athletes to overcome the inertia of their
own body when accelerating and moving at higher
speeds. The occurrence of relationship between isoki-
netic and jumping tests may also be due to the process
of selecting players for the team. The coaches of the
players studied, guided by their observations of the
way the teenagers move around the field during train-
ing and control games, make decisions about assigning
players to play in specific positions.

Maturation and the motor capabilities

When evaluating the strength and speed abilities of
young soccer players, it is important to keep in mind
their biological age. Young athletes who start the pro-
cess of maturation earlier may show higher levels of
motor abilities than their peers [40]. Chuman et al. [6]
demonstrated that muscle strength, which shows a rela-
tionship with jump height and running speed over short
distances, results from muscle size, which is influ-
enced by sexual maturity. This is related to the con-
centration of testosterone, a hormone that is responsi-
ble for anabolic properties desired in sports training
and which has been shown to be related to the eleva-
tion of the center of body mass during jumping [9]. In
our study, the rate of biological development of the
players studied was evaluated by determining their
biological age. We found no statistically significant
differences in the biological age of adolescents. That
observation leads to the assumption that observed
differences resulted from playing positions, not the
maturity of players.

The results of our study contribute to the ongoing
discussion of the differences in the strength and jump-
ing abilities of young soccer players playing in differ-
ent positions on the field. However, it should be noted
that the study also has some limitations. The first
limitation is the small number of study participants.
For this reason, the results of players playing in the
goalkeeper and striker positions were excluded from
some parts of the analysis.

5. Conclusions

We did not find differences in the jump height,
peak power and muscle strength developed under iso-
kinetic conditions by the teenage soccer players playing
in different field positions. This leads us to believe
that the training loads to which young players playing
in different positions are subjected are similar.

However, we found a correlation between jumping
test results and isokinetic measurements in midfield-
ers, which was not found in defenders group. It indi-
cates that players with similar strength potential, who
perform a different tasks and activities during the
game, may perform different strategies to exploit it.
Coaches, selecting players for midfield positions,
should pay attention in the selection process to the
ability of players to effectively use their strength po-
tential and their ability to develop muscle power dur-
ing the game.
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Supplement 1
Table 1. Values of Pearson correlation coefficients between height of jumps and results
of isokinetic measurements of the quadriceps
H [cm]
‘V\Qi‘:ilar GK DEF MID ST
[(,.S,ﬁy (n=6) (n=15) (n=17) (n=11)
ACMJ | CMJ | BCMJ | ACMJ | CMJ | BCMJ | ACMJ | CMJ | BCMJ | ACMJ | CMJ | BCMJ
300 0.88* | 0.88* | 0.75 0.10 | 0.11 | —0.01 | 0.63* | 0.82* | 0.84* | 0.71* | 0.65* | 0.67*
EPT [N-m] 180 0.79 0.79 0.71 038 | 033 | 0.26 0.61* | 0.76* | 0.74%* 0.57 0.52 0.37
60 0.72 0.77 0.69 0.38 | 0.28 | 0.36 0.66* | 0.73* | 0.58*% | 0.69* | 0.69* | 0.51
300 0.44 0.43 0.36 0.11 0.11 | -0.04 | 0.56* | 0.70* | 0.81* 0.60 0.51 0.51
EAP[W -kg']| 180 0.83* | 0.85* | 0.87* 0.28 | 033 | 049 0.59* | 0.75* | 0.72* | 0.68* | 0.62* | 0.44
60 0.79 | 0.86* | 0.80 046 | 042 | 0.55*% | 0.59*% | 0.70* | 0.54* 0.58 0.51 0.26
300 0.39 0.39 0.29 0.05 | 0.04 | 0.04 | 0.56* | 0.71* | 0.81* 0.47 0.42 0.42
ETW [J-kg']| 180 0.77 | 0.83* | 0.71 0.08 | 0.15 | 040 | 0.62* | 0.78* | 0.75* | 0.61* | 0.58 0.43
60 0.78 | 0.88* | 0.87* 022 | 030 | 033 0.63* | 0.76* | 0.71* | 0.69*% | 0.65* | 0.42

EPT — extensors peak torque, EAP — extensors average power, ETW — extensors total work, H — jump height, GK —goalkeepers,
DEF — defenders, MID — midfielders, ST — strikers, * — statistically significant correlation p < 0.05.

Table 2. Values of Pearson correlation coefficients between maximum relative power and results
of isokinetic measurements of the quadriceps

Prnax [W - kg']
’j;i‘:}?; GK DEF MID ST
[s] (n=06) (n=15) n=17) (n=11)

ACMJ| CMJ |BCMJ | ACMJ | CMJ | BCMJ | ACMJ | CMJ | BCMJ | ACMJ | CMJ | BCMJ

300 | 0.89% | 0.80 | 033 | —0.09 | 022 | 0.18 | 0.55% | 0.72* | 0.46 | 0.79% | 0.75% | 0.24

EPT [N-m] 180 | 0.98* | 0.83* | 0.54 | 0.08 | 0.03 | 035 | 0.71% | 0.76% | 0.64* | 058 | 0.52 | 0.36
60 0.89% | 0.92* | 0.50 | —0.07 | —0.10 | 0.30 | 0.74% | 0.74% | 0.70% | 0.67* | 0.62* | 0.34

300 018 | 0.06 | 0.08] 002 | 024 | 020 | 033 [ 057+ | 028 | 0.67% | 0.60* | 0.29

EAP [W - kg '] 180 | 0.91% | 0.88% | 0.79 | 0.14 | 0.40 | 0.58* | 0.65*% | 0.74* | 0.56* | 0.70% | 0.66* | 0.48
60 0.87* | 0.96* | 0.59 | 0.00 | 0.14 | 042 | 0.59% | 0.66* | 0.56* | 0.68* | 0.75% | 0.73*

300 0.15 | 0.05 | —0.17 | —0.01 | 030 | 029 | 035 | 0.56* | 034 | 056 | 0.50 | 0.30

ETW [J - kg''] 180 | 0.86* | 0.90% | 039 | 0.03 | 0.40 | 0.55% | 0.59% | 0.71* | 0.52% | 0.66* | 0.61* | 0.49
60 0.76 | 0.95% | 0.68 | -0.09 | 0.07 | 030 | 0.57* | 0.70% | 0.57* | 0.69% | 0.73* | 0.61*

EPT — extensors peak torque, EAP — extensors average power, ETW — extensors total work, P, — relative power, GK —goalkeepers,
DEF — defenders, MID — midfielders, ST — strikers, * — statistically significant correlation p < 0.05.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


