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INTRODUCTION
Elite soccer is a complex sport with a number of factors that may 
influence high performance, including technical and tactical skills, 
psychological factors, genetic predispositions [1] and physical fitness 
components [2] such as body composition (BC) [3]. Specifically, 
motor coordination and physical performance have been shown to 
discriminate between achievement level of soccer players [2, 4] 
within the meaning of current trends [5, 6, 7]. To achieve the high-
est sports performance and the opportunity to play in prestigious 
soccer competitions, players require long term preparation in special-
ized soccer programmes, mainly in talented youth development 
academies. About 16% of the academy players were promoted to 
the 1st or 2nd Spanish divisions in later years [6]. Although body size, 
muscle mass, maturation and physical performance (e.g. sprint, 
agility, endurance, jump test) have been found as limiting factors for 
career success in young soccer players [5, 8], no significant differ-
ences were found between players who remained members or left 
the academy. Conversely, no significant differences have been found 
within neuromuscular performance between successful and less 
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successful players of the Spanish league [6] and elite and amateur 
players of the French league [9]. After a continuous selection process 
in the elite soccer academies, Los Arcos and Martins [10] reported 
that promotion from the reserve team to high-level soccer is not 
determined by the improvement in physical fitness performance in 
older players (age = 20.5 ± 1.5 years). On the other hand, higher 
20-m dash sprint speed was evaluated between senior national team, 
junior national team, 1st and 2nd division players, and 3rd–5th division, 
respectively [11]. Among above-mentioned physical characteristics, 
BC is an important mediator, which might provide desired differen-
tiation between soccer performance levels.

Previous research reported that body fat mass (FM) is an impor-
tant selection predictor for designated field positions (e.g. midfield-
ers, defenders) and often distinguishes players who are highly or less 
successful [7, 12]. Elite players have a lower percentage of FM [13] 
and forwards are the leanest players among field positions [4]. On 
the other hand, no differences in FM were reported between profes-
sional and semi-professional Spanish players [14], particularly when 
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Since body BC studies do not consistently report differentiating 
parameters, distinguishing performance levels, which provide more 
consistent differences than physical fitness parameters, and BC sym-
metry relates to the injury prediction, this study aimed to determine 
differences in BC parameters and morphological limb asymmetry 
among four performance levels in youth soccer player. We hypothe-
sized that there would be substantial differences in BC among dif-
ferent performance levels of young players, and higher morphologi-
cal asymmetries in favour of low-performance level players.

MATERIALS AND METHODS 
Subjects
The study involved 110 male soccer players (age, < 17 years), who 
were divided into four groups according to the level of performance 
as follows: G1elite, national team players (n = 20); G2elite, 1st (high-
est) league players (n = 38); G3sub-elite, 2nd league players (n = 32); 
and G4sub-elite, 3rd division players (n = 20). The average period of 
soccer training experience for each group was 9.8 ± 3.6 years and 
typical training load during the week is shown in Table 1. The research 
was conducted from 2017 to 2020, during the pre-season player 
screening process. The basic anthropometric parameters of the play-
ers are included in the results (Table 2). The research design was 
approved by the Ethical Committee at Charles University, Faculty of 
Physical Education and Sport, and carried out according to the guide-
lines of the Declaration of Helsinki for human experimentation and 
the participants signed an informed consent form.

Data collection
Body height (BH) was measured using a digital stadiometer (Seca 
242, Seca, Hamburg, Germany), and body mass (BM) was measured 
using a digital scale (Seca 769, Seca, Hamburg, Germany). Players 
were evaluated barefoot and wearing only undergarments. BC mea-
surements were taken under the same conditions in the morning. In 
the 24 h prior to the measurement, the participants did not take any 
medications or pharmacological agents, including alcohol and caf-
feine, that may influence the results. They were also advised to 
abstain from food and fluids before the measurement, and 

comparing their specific field positions (e.g. defenders, lateral de-
fenders, central defenders, midfielders, lateral midfielders, central 
midfielders, attackers). Some studies have indicated that higher-lev-
el soccer players have significantly different BC compared with the 
rest of the players [4], although this finding is inconsistent and non-
significant in other studies [2, 12], probably due to the different ap-
proach of performance level separation. There have been studies that 
compared FM and fat-free mas (FFM) among different levels of soc-
cer players [12, 4].

Generally, soccer players who are taller, heavier, more muscular, 
and have higher FFM with lower FM may have major advantages, 
especially during the growth and maturation period [15]. A signifi-
cant negative correlation was reported between FM and covered dis-
tance during sprinting in official matches [16], which indicates that 
players with lower FM are able to cover longer distances in sprints 
and high-intensity running during the match. Absolute FFM strong-
ly contributes to strength and power performance, and is considered 
a major prerequisite for good performance in professional soccer 
players [17]. However, the relationships between FM and other BC 
variables and their role in the success of players of various perfor-
mance levels, ages, and genders in team sports, along with other 
lower limb strength performance factors, remain unclear [18].

The BC assessment aimed to distinguish and quantify different 
body segments and their properties [19]. In soccer, cyclic and acy-
clic movements are combined at irregular intervals, and athletes may 
show a higher-than-normal degree of morphological and strength 
asymmetry [20]. Asymmetries are an adaptive consequence that is 
increased by long-term and intense sports activities [21], and can 
thus indirectly indicate the risk of injury to a soccer player, in which 
a lower form of morphological asymmetry determines the occurrence 
of functional asymmetry. Many studies of soccer have been conduct-
ed on various aspects. However, most of the studies have been based 
on elite-level soccer, and there is limited research comparing four 
different performance levels (i.e. top, elite, sub-elite, amateur) with 
different BC variables, such as intra- and extracellular water and 
phase angle, as well as focusing on the detection of morphological 
asymmetries.

TABLE 1. Overview of a typical weekly training load (i.e. volume, frequency) for selected groups.

G1elite

N = 20

G2elite

n = 38

G3 sub-elite

n = 32

G4 sub-elite

n = 20

Field-Based Training 5 (60–80 min) 5 (60–80 min) 4–5 (60–90 min) 3 (80–100 min)

Resistance Training 2 (UB, LB) 2 (UB, LB) 1 (WB) Core (as a part of field session)

Match 1–2 (90 min) 1–2 (90 min) 1 (90 min) 1 (90 min)

Legend: UB = upper-body resistance session; LB = lower body resistance session; WB = whole-body resistance session; G1elite = national 
team players; G2elite = 1st division players; G3sub-elite = 2nd division players; G4sub-elite = 3rd division players.
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to maintain good hydration and a normal routine in the interim. 
Furthermore, the athletes did not perform any high-intensity physical 
activity for a significant duration in the 48 h before testing. The room 
temperature was maintained between 20°C and 24°C to prevent 
undesirable changes in body water composition [22]. BC was as-
sessed using a multi-frequency bioimpedance analyser (MC-980MA; 
Tanita Corporation, Tokyo, Japan), according to the manufacturer’s 
guidelines. Standardized conditions for bioimpedance measurements 
were maintained [23]. The BC indicators measured were as follows: 
BH, BM, FFM, relative fat-free mass (FFMrel), percentage of fat mass 
(FM), total body water (TBW), intracellular water (ICW), extracel-
lular water (ECW), relative intracellular water (ICWrel), phase angle 
(PhA), muscle mass for the dominant and non-dominant lower limbs 
(MMDL and MMNL), muscle mass for the dominant and non-dominant 
upper limbs (MMDA and MMNA), and bilateral muscle mass (i.e. FFM) 
differences in the lower (∆LE) and upper extremities (∆UE). FFMrel 
was calculated as a normalized value of FFM to BM, and ∆LE, ∆UE 
were calculated as the percentage difference of the fat-free mass 
between the lower extremities.

Statistical analysis
The differences in selected BC parameters among the observed groups 
were assessed using multivariate analysis of variance. We used Levene’s 
test for equality of variances to verify the homogeneity assumption that 
the variances of the dependent variable must be equal for all groups.

We used multiple comparisons of means (i.e. Bonferroni’s post-hoc 
test) to compare differences in specific parameters among the groups. 
When the criterion of sphericity was not met as an assumption for 
data processing, as assessed by Mauchly’s test (χ2), the degrees of 
freedom were adjusted using Greenhouse-Geisser sphericity correc-
tion, and statistical significance was evaluated based on the degrees 
of freedom.

The level of statistical significance was set at p < 0.05. The effect 
size was assessed using the partial eta square coefficient (ηp

2), which 
was the basis for the categorization of effect size as follows: small ef-
fect, ηp

2 = 0.02; medium effect, ηp
2 = 0.13; and large effect, 

ηp
2 = 0.26.

The p-value indicating the probability of a type I error (alpha) was 
set at 0.05, in all statistical analyses. Statistical analyses were per-
formed using IBM SPSS v24 (IBM, Armonk, NY, USA).

RESULTS 
Multilevel analysis of variance revealed significant differences in BC 
parameters among all groups (λ = 0.06, F75,246 = 5.38, p = 0.01, 
ηp

2 = 0.62).

Anthropometric parameters
The results showed (Table 2) no BH differences among the analysed 
groups (F3,106 = 0.67, p = 0.58, ηp

2 = 0.02), but a significant 
effect (F3,106 = 4.56, p = 0.01, ηp

2 = 0.59) of performance level 
on body mass, where the BM in G3sub-elite was significantly lower than 
in G4sub-elite.

Body composition
The FM percentage was significantly different among the groups 
(F3,106 = 50.10, p < 0.001, ηp

2 = 0.59), where G1elite and G2elite 
groups had significantly lower values than the G3elite and G4 elite 
groups (Table 3) and G3elite had lower values than G4elite (Table 3).

FFM was significantly (F3,106 = 3.82, p = 0.01, ηp
2 = 0.10) 

higher in G2elite in comparison to G3sub-elite, and FFMrel in G4sub-elite 
group was significantly (F3,106 = 14.35, p < 0.01, ηp

2 = 0.29) low-
er than in the rest of the groups (Table 3).

Total body water (TBW) was not significantly different among the 
monitored groups (F3,106 = 1.82, p = 0.15, ηp

2 = 0.05). Howev-
er, after comparing the TBW values according to body weight, the 
G4sub-elite group had significantly (F3,106 = 13.57, p = 0.01, 
ηp

2 = 0.28) lower TBW values relative to body weight (TBWrel, %) 
than all other groups (Table 3). The body water components of ICW 
were higher (ICW: F3,106 = 3.51, p = 0.02, ηp

2 = 0.09)   in the G2elite 
group in comparison to the G4sub-elite group (Table 3), and the G4sub-elite 
group had lower (F3,106 = 5.48, p < 0.01, ηp

2 = 0.13) ICWrel (rel-
ative to ICW) values in comparison to the other groups at a higher 
performance level (Table 3). The ECW in the lowest performance 
group G4sub-elite was significantly higher (F3,106 = 10.64, p < 0.01, 

TABLE 2. Basic anthropometric parameters of the players (N = 110).

Variables
G1elite G2elite G3sub-elite G4sub-elite ANOVA

Post–hoc test
n = 20 n = 38 n = 32 n = 20 F p ηp

2

Body height (cm) X (SD)
178.66 
(6.63)

179.34 
(5.67)

178.75 
(5.70)

180.91 
(5.96)

0.67 0.58 0.02

Body mass (kg) X (SD)
71.74 
(6.62)

70.83 
(7.56)

67.37 
(5.16)

74.46 
(8.38)

4.56 0.01 0.11 G3sub-elite vs. G4 sub-elite

Legend: G1elite = national team players; G2elite = 1st division players; G3sub-elite = 2nd division players; G4sub-elite = 3rd division players.
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with no differences in ΔUE (p = 0.43) (Table 4). The trunk mass 
was lower in G3sub-elite group in comparison to G1elite, G2elite groups 
(Table 4).

DISCUSSION 
The analysis of basic anthropometric parameters did not reveal any 
difference in BH among performance groups, which agrees with the 
previous suggestion that BH may not be an individual criterion for 
career achievement, but it can be crucial in the selection for indi-
vidual field positions [24]. According to Spanish league data, suc-
cessful midfielders were taller and heavier than non-selected players [4] 
(selected: BH = 174.86 ± 6.98 cm, BW = 67.41 ± 8.19 kg; non-
selected: BH = 170.45 ± 7.67 cm, BW = 62.10 ± 10.93 kg). This 
is contradicted by the Arnason et al. [2] study. Adult Iceland elite 

ηp
2 = 0.23) in comparison to other groups (Table 3).
The G3sub-elite group had lower values of PhA1(F3,106 = 10.59, 

p < 0.01, ηp
2 = 0.23) and PhA2 (F3,106 = 10.83, p < 0.01, 

ηp
2 = 0.24) than G1elite, G2elite and G4sub-elite (Table 3); and lower 

values of PhA3 (F3,106 = 6.08, p < 0.01, ηp
2 = 0.15) and PhA4 

(F3,106 = 6.80, p < 0.01, ηp
2 = 0.16) than G1elite and G2elite groups.

Segmental body fluid distribution
Analysis of the muscle mass volumes in the lower and upper limbs 
showed higher values (p < 0.01) of MMDL and MMNL between G2elite 
vs. G3sub-elite groups (Table 4), and lower values (p = 0.02) of ΔLE 
in G1elite in comparison to G3sub-elite group (Table 4). The G1elite and 
G2elite groups showed higher values of MMDA (p  <  0.01) 
and MMNA (p < 0.01) in comparison to G3sub-elite, G4sub-elite groups 

TABLE 3. Differences in body composition parameters among elite and sub-elite performance level groups.

Variables
G1elite G2elite G3sub-elite G4sub-elite ANOVA

Post–hoc test
n = 20 n = 38 n = 32 n = 20 F p ηp

2

FM (%)
X

(SD)
9.92 

(1.44)
9.50

(1.17)
13.47 
(2.41)

17.04 
(4.37)

50.09 < 0.01 0.59
G1elite vs. G3sub-elite, G4 sub-elite

G2elite vs. G3 sub-elite, G4 sub-elite,
G3sub-elite vs. G4 sub-elite

FFM (kg)
X

(SD)
64.66 
(5.13)

64.88 
(5.79)

61.02 
(5.78)

61.42 
(5.58)

3.82 < 0.01 0.10 G2elite vs. G3 sub-elite

FFMrel (%)
X

(SD)
90.50 
(2.24)

91.58 
(4.37)

86.53 
(6.89)

83.00 
(4.70)

14.35 < 0.01 0.29
G4 sub-elite vs. G1elite, G2elite, 

G3 sub-elite

TBW (l)
X

(SD)
45.59 
(4.87)

46.17 
(4.22)

43.95 
(3.41)

44.83 
(4.00)

1.82 0.15 0.05

TBWrel (%)
X

(SD)
63.54 
(3.10)

65.30 
(2.27)

65.33 
(3.56)

60.44 
(3.37)

13.57 < 0.01 0.28
G4 sub-elite vs. G1elite, G2elite, 

G3 sub-elite

ICW (l)
X

(SD)
29.40 
(3.74)

30.04 
(3.26)

28.51 
(4.53)

26.90 
(2.40)

3.51 0.02 0.09 G2elite vs. G4sub-elite

ICWrel (%)
X

(SD)
64.37 
(1.61)

65.00 
(2.38)

64.75 
(3.72)

60.00 
(3.24)

5.48 < 0.01 0.13
G4 sub-elite vs. G1elite, G2elite, 

G3 sub-elite

ECW (l)
X

(SD)
16.19 
(1.28)

16.13 
(1.47)

15.87 
(1.10)

17.93 
(1.60)

10.66 < 0.01 0.23
G4 sub-elite vs. G1elite, G2elite, 

G3 sub-elite

PhA1 (°)
X

(SD)
7.09 

(0.56)
6.88

(0.51)
6.25

(0.67)
6.96

(0.72)
10.59 < 0.01 0.23

G3sub-elite vs. G1elite, G2elite, 
G4sub-elite

PhA2 (°)
X

(SD)
7.13 

(0.59)
6.80

(0.48)
6.24

(0.67)
6.72

(0.68)
10.83 < 0.01 0.24

G3sub-elite vs. G1elite, G2elite, 
G4sub-elite

PhA3 (°)
X

(SD)
6.79 

(0.42)
6.59

(0.48)
6.28

(0.42)
6.61

(0.43)
6.08 < 0.01 0.15 G3sub-elite vs. G1elite, G2elite

PhA4 (°)
X

(SD)
6.77 

(0.42)
6.53

(0.50)
6.22

(0.40)
6.56

(0.49)
6.80 < 0.01 0.16 G3sub-elite vs. G1elite, G2elite

Legend: FM = absolute value of fat mass; FFM = absolute value of fat-free mass; FFMrel = relative value of fat-free mass; TBW = total 
body water; TBWrel = relative value of total body water; ICW = intracellular water; ICWrel = relative value of intracellular water; 
ECW = extracellular fluid; PhA1 = phase angle right leg; PhA2 = phase angle left leg; PhA3 = phase angle right hand; PhA4 = phase 
angle left hand; G1elite = national team players; G2elite = 1st division players; G3sub-elite = 2nd division players; G4sub-elite = 3rd division 
players.
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division players were significantly taller than division I players, which 
might be related to the local population and study size conditions. We 
noted that our highest performance players (G1elite) reached higher 
BH and BW (BHG1 = 178.66 ± 6.63 cm, BMG1 = 71.74 ± 6.62 kg) 
than the same age category players of the Belgian national team 
(176.8 ± 5.9 cm and 67.9 ± 6.7 kg, respectively) [25]. As the BH 
was not associated with the level of performance, the distinction is 
probably caused by the specific selection of the national team and 
individual extreme values at the time of evaluation.

Our study found that higher BM might be a performance disrupt-
ing factor, especially in combination with higher FM, ECW, and 
TBWrel, which was found in lower performance groups G3sub-elite and 
G4sub-elite (Table 3). This is in accordance with knowledge that soc-
cer players with lower fat mass and higher lean mass may perform 
better than their lower-level peers in high-intensity intermittent run-
ning, change-of-direction speed, vertical jump, and sprint perfor-
mance [26]. Several studies have investigated and confirmed nega-
tive correlations between increased fat mass and optimal muscle 
shortening, calcium signalling, physical performance, strength gen-
eration, sprint velocity, and aerobic power [16, 27 28, 29, 30, 31]. 
Although maintaining and developing active muscle mass and phys-
ical performance can potentiate higher anaerobic power output, sys-
tematically controlling and maintaining a lower FM does not increase 
excess BM. As a result, the muscles have a higher performance po-
tential with a lighter resistance of the total BW [33].

FM does not seem to be a strict differentiating factor between elite 
levels, since we recorded no significant difference between the G1elite 
and G2elite groups [15, 34]. However, a significant difference in FM 
was observed between elite and sub-elite groups and between the 
G3sub-elite and lowest performance group G4sub-elite (Table 3). Our re-
sults are consistent with Reilly et al. [7], who reported higher FM in 
the sub-elite (13.9 ± 3.8%) than in elite soccer players (11.3 ± 13.9%) 
(age, 16.4 years; n = 31). Similarly, Gil et al. [4] reported signifi-
cantly lower FM in selected players (11.43 ± 1.67%) than in non-
selected players (12.56 ± 2.47%) for the defender position. Howev-
er, no significant differences were observed among the different field 
positions (e.g. forwards, midfielders, and goalkeepers). These results 
may be due to the greater number of training hours per year in elite 
players (G1elite, G2elite) than in non-elite players. Vandendriesche 
et al. [25] reported that the youth Belgian national team (U17) had 
slightly higher FM (12.3 ± 3.0%) than our G1elite and G2elite groups 
(9.92 ± 1.44%). In adult players, there was no significant difference 
in FM between elite division players (9.9 ± 0.5%) and division I play-
ers (11.2 ± 0.5%) [2]. In addition, Rebelo et al. [34] reported no 
significant BC differences among elite (i.e. first division) vs. non-elite 
(i.e. regional division) Portuguese players in the under 19 years age 
category. Lower, although not significant, fat percentage was report-
ed in successful teams than in unsuccessful young Spanish players 
(age, 15.63 ± 1.82 years) [12]. Male elite- and high-level soccer 
players typically undergo five to seven training sessions per week 

TABLE 4. Comparison of segmental body fluid distribution among the elite and sub-elite performance groups.

Variables
G1elite G2elite G3sub-elite G4sub-elite ANOVA

Post–hoc test
n = 20 n = 38 n = 32 n = 20 F p ηp

2

MMDL (kg)
X

(SD)
10.81 
(0.95)

11.00 
(0.79)

10.24 
(0.90)

10.47 
(0.99)

4.68 < 0.01 0.12 G2elite vs. G3sub-elite

MMNL (kg)
X

(SD)
10.52 
(1.02)

10.59 
(0.87)

9.84 
(0.90)

10.09 
(1.00)

4.56 0.01 0.11 G2elite vs. G3sub-elite

ΔLE (%)
X

(SD)
2.71 

(1.26)
3.73 

(1.70)
3.95 
1.17

3.76 
(1.50)

3.33 0.02 0.09 G1elite vs. G3sub-elite

MMDA (kg)
X

(SD)
3.54 

(0.59)
3.78 

(0.47)
2.98 

(0.47)
2.96 

(0.47)
20.85 < 0.01 0.37

G1elite vs. G3sub-elite, G4sub-elite

G2elite vs. G3sub-elite, G4sub-elite

MMNA (kg)
X

(SD)
3.54 

(0.57)
3.73 

(0.48)
2.99 

(0.46)
2.98 

(0.45)
18.38 < 0.01 0.34

G1elite vs. G3sub-elite, G4sub-elite

G2elite vs. G3sub-elite, G4sub-elite

ΔUE (%)
X

(SD)
1.69 

(1.88)
2.02 

(1.94)
2.53 

(2.32)
2.49 

(1.95)
0.93 0.43 0.03

Trunk (kg)
X

(SD)
32.51 
(2.80)

32.56 
(3.07)

29.99 
(2.49)

31.87 
(2.77)

5.73 0.01 0.14 G3sub-elite vs. G1elite, G2elite

Legend: MMDL = muscle mass of dominant lower limb; MMNL = muscle mass of non-dominant lower limb; ΔLE = bilateral muscle 
mass difference of lower limbs; MMDA = muscle mass of dominant upper limb; MMNA = muscle mass of non-dominant upper 
limb; ΔUE = bilateral muscle mass difference of upper limbs; G1elite = national team players; G2elite = 1st division players; G3sub-elite = 2nd 
division players; G4sub-elite = 3rd division players.
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as long as the cell hydration remains uncompromised and the 
ICW/ECW profile is unaffected, the reduction of FFM will not de-
stabilize PhA levels and performance [40]. As this directly mea-
surable variable may effectively evaluate athletes’ hydration sta-
tus, cellular health, and physical function, there are limited recent 
studies which have reported on standard values for soccer athletes 
in different performance levels as well as research on PhA values 
among various sports [39, 41].

Mala et al. [15] reported the absence of morphological asym-
metries in youth players (12–16 years old). In contrast, significant 
asymmetry was demonstrated in the elite players of the senior cat-
egory, particularly goalkeepers, which was suggested to be due to 
unilateral limb preference in kicking and passing at greater dis-
tances during a game [42]. This hypothesis is also supported by 
Silvestre et al. [43], who recorded significantly lower FFM values   
in the dominant limb than in the non-dominant limb when com-
paring older players with younger players (p < 0.05). Focusing on 
asymmetry as a result of targeted and long-term sports activities, 
in which more experienced players tend to show greater asymme-
tries than less experienced players [44], muscle asymmetry and 
muscle strength can be attributed to unilateral preference in most 
one-sided soccer skills [45]. Morphological asymmetry is subse-
quently followed by functional asymmetry. Authors report that the 
occurrence of strength asymmetry and imbalance between flexors 
and extensors is associated with a higher risk of injury [20]. Play-
ers who have bilateral asymmetries greater than 15% are up to 
five times more prone to ischiocrural muscle injury than players 
who have lower asymmetry.

The effect of morphological asymmetry was also confirmed in the 
study by Mala et al. [15], in which the analysis between soccer play-
ers aged under 17 years and soccer players in senior categories re-
vealed significant differences in the morphological symmetry of the 
lower limbs (p < 0.01). Emphasis was placed on increasing asym-
metries with aging and on the need for early diagnosis and compen-
sation for unilateral loading. Achieving an optimal BC and favourable 
anthropometric variables may be advantageous for young players not 
only in terms of gaining greater muscle strength and power, but also 
in developing more efficient movement [46].

The generalizability of these results is subject to certain limita-
tions. For instance, the cross-sectional study design does not per-
mit us to draw conclusions about the future success of the players, 
since players may improve later in consecutive study designs (e.g. 
longitudinal study). Moreover, we did not distinguish the subjects 
according to field positions, although anthropometric and morpho-
logical differences among various field positions have previously 
been reported by several studies [3]. Further investigations involv-
ing other age categories are necessary to predict and determine the 
level of future success of a soccer player. Another limitation is that 
we only controlled for chronological age. In future studies, it will be 
necessary to control for biological maturation, possibly using a bio-
banding approach [47], and sexual maturation (i.e. Tanner stage).

with up to one to two games per week, whereas in low- to medium-
level players reach half of these values (Table 1). Thus, elevated FM 
values, along with lower levels of muscle mass, may negatively af-
fect physical performance in youth soccer players [35].

The values of muscle mass and total fat-free mass recorded in 
our study showed similar values in players with higher performance 
levels (i.e. G1elite and G2elite) and similar values in players with low-
er performance levels (i.e. G3 and G4). Figueireda et al. [32] report-
ed a significant and positive correlation between the percentage of 
lean body mass and power performance (e.g. in the vertical jump) 
in professional players. Gil et al. [4] compared FFM values in suc-
cessful (i.e. selected) and unsuccessful (i.e. non-selected) Spanish 
players (N = 231) at one level of competition, and found that, on 
muscle mass evaluation, there were no significant differences 
(p > 0.05) between the groups.

Monitoring the hydration status and body fluid volumes (i.e. 
TBW, ECW, and ICW) can help identify athletes who are at a high-
er risk of injury due to dehydration. Additionally, it can serve as 
the basis for prescribing fluid intake [36]. When estimating the 
distribution of fluids in terms of active muscle mass for individual 
body segments, the lowest bilateral morphological asymmetry was 
demonstrated in G1elite players (< 3%), who had lower asymme-
try than the G3sub-elite group (Table 4). G2elite players had a signif-
icantly higher volume of MMDL and MMNL than G3sub-elite players. 
In connection with the non-significant difference in the basic an-
thropometric parameters, the obtained data imply a higher pro-
portion of muscle mass in the lower limbs. The study findings also 
showed a higher proportion of upper limb muscle mass in the play-
ers from the G1elite and G2elite groups than in the players from the 
G3sub-elite and G4 sub-elite groups. The proportion of torso muscle mass 
in the G1elite and G2elite groups was also higher than that in the 
G3sub-elite group. This result points to the importance of optimizing 
muscle mass and strength as influential factors for player contacts 
and fights, successful ball coverage, heading duels, and overall 
physical demands in elite soccer.

The quality of BC in terms of predisposition to a higher-level 
performance was also confirmed by a significant difference in the 
directly measurable PhA parameters and the indirectly estimated 
ICW value, in which the lowest values were found in the G3 sub-elite 
group and the highest values were in the G1elite group. The PhA 
values proportionally indicate muscularity in all players regardless 
of performance level and show the lateral preference of the kick 
leg. This difference was similarly observed in the upper limbs. An-
aerobic performance measures showed that soccer players (age, 
15 ± 1.4 years) with higher PhA values were faster in 10 m and 
30 m sprints, and repeated sprint ability tests, and had higher 
ICW/ECW and TBW [37]. Independent of FFM, PhA has been 
shown to be positively correlated with maximum power and neg-
atively correlated with the fatigue index [38]. In male soccer play-
ers, elite level players had significantly higher values of PhA and 
FFM than lower performance levels [39]. Some data suggest that 
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CONCLUSIONS 
The BC parameters and morphological asymmetries are related to 
the different performance levels, where high-performance players 
have high muscle mass in BC and lower bilateral asymmetry than 
low-performance players. Therefore, the training practice should 
emphasize high-quality and regular evaluations of BC, body hydration, 
and morphological asymmetry to enable early performance decrease, 
pathologic diagnosis and compensation for unilateral loading. Strength 
and conditioning or nutrition practitioners may also use the results 
of the present study to establish and create a tailored programme 
with the aim of achieving the most suitable anthropometric and BC 
profile for players at different performance levels.

Acknowledgements
This research was funded by GAČR 19-12150S, and co-funded by 
Programme for Development of Fields of Study at Charles University 
under Grant UNCE HUM/032, by Cooperatio Sport Sciences – Bio-
medical & Rehabilitation Medicine, by Polish National Science Cen-
ter under grant UMO2017/27/B/NZ7/00204 and by the Ministry of 

Science and Higher Education in 2020/2022 as part of the Scien-
tific School of the University of Physical Education in Warsaw—SN 
No. 5 “Biomedical determinants of physical fitness and sports train-
ing in adult population”

Conflict of interest
The authors declare no conflict of interest.

ORCID:
Lucia Mala: 0000-0003-1184-480X
Mikulas Hank: 0000-0002-8328-7515
Petr Stastny: 0000-0003-2841-374X
Frantisek Zahalka: 0000-0001-9972-7637
Kevin R. Ford: 0000-0001-5402-6845
Piotr Zmijewski: 0000-0002-5570-9573
David Bujnovsky: 0000-0002-3562-3262
Miroslav Petr: 0000-0001-8735-1935
Tomas Maly: 0000-0001-5439-6766

1. Petr M, Thiel D, Katerina K, Broz P, 
Maly T, Zahalka F. Speed and power-
related gene polymorphisms associated 
with playing position in elite soccer 
players. Biol Sport. 2022; 
39(2):355–366. https://doi.org/ 
10.5114/biolsport.2022.105333

2. Arnason A, Sigurdsson SB, 
Gudmundsson A, Holme I, 
Engebretsen L, Bahr R. Physical fitness, 
injuries, and team performance in soccer. 
Med Sci Sports Exerc. 2004; 
36(2):278–285. doi: 10.1249/01.
mss.0000113478.92945.ca

3. Mala L, Maly T, Zahalka F. Body 
composition differences in elite young 
soccer players based on playing position. 
The Anthropologist. 2017; 
27(1–3):17–22.

4. Gil SM, Gil J, Ruiz F, Irazusta A, 
Irazusta J. Physiological and 
anthropometric characteristics of young 
soccer players according to their playing 
position: Relevance for the selection 
process. J Strength Cond Res. 2007; 
21(2):438–445.

5. Bidaurrazaga-Letona I, Lekue JA, 
Amado M, Gil SM. Progression in Youth 
Soccer: Selection and Identification in 
Youth Soccer Players Aged 13–15 Years. 
J Strength Cond Res. 2019; 
33(9):2548–2558. doi: 10.1519/
jsc.0000000000001924

6. Los Arcos A, Gonzales-Artetxe A. Physical 
fitness perfromance, playing position and 
competetive level attained by elite junior 
soccer players: a 12-year study. 
Kinesiology. 2021; 53(1):56–64.

7. Reilly T, Williams AM, Nevill A, Franks A. 

A multidisciplinary approach to talent 
identification in soccer. J Sports Sci. 
2000; 18(9):695–702. doi: 
10.1080/02640410050120078

8. Konarski J, Krzykała M, Skrzypczak M, 
Nowakowska M, Coelho-e-Silva M, 
Cumming S. Characteristics of select and 
non-select U15 male soccer players. Biol 
Sport. 2021; 38(4):535–544. https://
doi.org/10.5114/biolsport.2021.101126

9. Cometti G, Maffiuletti NA, Pousson M, 
Chatard JC, Maffulli N. Isokinetic 
strength and anaerobic power of elite, 
subelite and amateur French soccer 
players. Int J Sports Med. 2001; 
22(1):45–51. doi: 10.1055/s-2001- 
11331

10. Los Arcos A, Martins J. Physical Fitness 
Performance of Young Professional Soccer 
Players Does Not Change During Several 
Training Seasons in a Spanish Elite 
Reserve Team: Club Study, 1996–2013. 
J Strength Cond Res. 2018; 
32(9):2577–2583. doi: 10.1519/
jsc.0000000000002426

11. Haugen TA, Tonnessen E, Seiler S. 
Anaerobic performance testing of 
professional soccer players 1995–2010. 
Int J Sports Physiol Perform. 2013; 
8(2):148–156. doi: 10.1123/
ijspp.8.2.148

12. Lago-Penas C, Casais L, Dellal A, Rey E, 
Dominguez E. Anthropometric and 
physiological characteristics of young 
soccer players according to their playing 
positions: relevance for competition 
success. J Strength Cond Res. 2011; 
25(12):3358–3367. doi: 10.1519/
JSC.0b013e318216305d

13. Slimani M, Nikolaidis PT. Anthropometric 
and physiological characteristics of male 
soccer players according to their 
competitive level, playing position and age 
group: a systematic review. J Sports Med 
Phys Fitness. 2019; 59(1):141–163. doi: 
10.23736/s0022-4707.17.07950-6

14. Vega JM, Gonzalez-Artetxe A, 
Aguinaco JA, Los Arcos A. Assessing the 
Anthropometric Profile of Spanish Elite 
Reserve Soccer Players by Playing 
Position over a Decade. Int J Environ Res 
Public Health. 2020; 17(15). doi: 
10.3390/ijerph17155446

15. Mala L, Maly T, Cabell L, Hank M, 
Bujnovsky D, Zahalka F. Anthropometric, 
Body Composition, and Morphological 
Lower Limb Asymmetries in Elite Soccer 
Players: A Prospective Cohort Study. Int 
J Environ Res Public Health. 2020; 
17(4). doi: 10.3390/ijerph17041140

16. Radziminski L, Szwarc A, Padron-Cabo A, 
Jastrzebski Z. Correlations between body 
composition, aerobic capacity, speed and 
distance covered among professional 
soccer players during official matches. 
J Sports Med Phys Fitness. 2020; 
60(2):257–262. doi: 10.23736/
s0022-4707.19.09979-1

17. Milanese C, Cavedon V, Corradini G, 
De Vita F, Zancanaro C. Seasonal 
DXA-measured body composition 
changes in professional male soccer 
players. J Sports Sci. 2015; 
33(12):1219–1228. doi: 
10.1080/02640414.2015.1022573

18. Ramirez-Campillo R, García-Pinillos F, T. 
Nikolaidis P, Clemente FM, Gentil P, 
García-Hermoso A. Body composition 

REFERENCES 



272

Lucia Mala et al. Inter-limb asymmetry and and better body composition in soccer players

adaptations to lower-body plyometric 
training: a systematic review and 
meta-analysis. Biol Sport. 2022; 
39(2):273–287. doi:10.5114/
biolsport.2022.104916.

19. Sutton L, Scott M, Wallace J, Reilly T. 
Body composition of English Premier 
League soccer players: Influence of 
playing position, international status, and 
ethnicity. J Sports Sci. 2009; 
27(10):1019–1026. doi: 
10.1080/02640410903030305

20. Fousekis K, Tsepis E, Vagenas G. 
Multivariate isokinetic strength 
asymmetries of the knee and ankle in 
Professional soccer players. J Sports Med 
Phys Fitness. 2010; 50(4):465–474.

21. Maly T, Sugimoto D, Izovska J, Zahalka F, 
Mala L. Effect of muscular strength, 
asymmetries and fatigue on kicking 
performance in soccer players. Int 
J Sports Med. 2018; 39(4):297–303. 
doi: 10.1055/s-0043-123648

22. Dittmar M. Reliability and variability of 
bioimpedance measures in normal 
adults: Effects of age, gender, and body 
mass. Am J Phys Anthropol. 2003; 
122(4):361–370. doi: 10.1002/
ajpa.10301

23. Kyle UG, Bosaeus I, De Lorenzo AD, 
Deurenberg P, Elia M, Manuel Gomez J. 
Bioelectrical impedance analysis – part II: 
utilization in clinical practice. Clin Nutr. 
2004; 23(6):1430–1453.

24. Sporis G, Jukic I, Ostojic SM, 
Milanovic D. Fitness profiling in soccer: 
Physical and physiologic characteristic of 
elite players. J Strength Cond Res. 2009; 
23(7):1947–1953. doi: 10.1519/
JSC.0b013e3181b3e141

25. Vandendriessche JB, Vaeyens R, 
Vandorpe B, Lenoir M, Lefevre J, 
Philippaerts RM. Biological maturation, 
morphology, fitness, and motor 
coordination as part of a selection 
strategy in the search for international 
youth soccer players (age 15–16 years). 
J Sports Sci. 2012; 30(15):1695–1703. 
doi:10.1080/02640414.2011.652654

26. Hazir T. Physical Characteristics and 
Somatotype of Soccer Players according 
to Playing Level and Position. J Hum 
Kinet. 2010; 26: 83–95. doi: 10.2478/
v10078-010-0052-z

27. Milsom J, Naughton R, O’Boyle A, 
Iqbal Z, Morgans R, Drust B, Morton JP. 
Body composition assessment of English 
Premier League soccer players: 
a comparative DXA analysis of first team, 
U21 and U18 squads. J Sports Sci. 
2015; 33(17):1799–1806. doi: 
10.1080/02640414.2015.1012101

28. Moore BA, Bemben DA, Lein DH, 
Bemben MG, Singh H. Fat Mass is 
Negatively Associated with Muscle 
Strength and Jump Test Performance. 
J Frailty Aging. 2020; 9(4):214–218. 

doi: 10.14283/jfa.2020.11
29. Mendez-Villanueva A, Buchheit M, 

Kuitunen S, Douglas A, Peltola E, 
Bourdon P. Age-related differences in 
acceleration, maximum running speed, 
and repeated-sprint performance in 
young soccer players. J Sports Sci. 2011; 
29(5):477–484. doi: 
10.1080/02640414.2010.536248

30. Abe T, Kawamoto K, Dankel SJ, Bell ZW, 
Spitz RW, Wong V, Loenneke JP. 
Longitudinal associations between 
changes in body composition and 
changes in sprint performance in elite 
female sprinters. Eur J Sport Sci. 2020; 
20(1):100–105. doi: 
10.1080/17461391.2019.1612950

31. Miller TA, White ED, Kinley KA, 
Congleton JJ, Clark MJ. The effects of 
training history, player position, and body 
composition on exercise performance in 
collegiate football players. J Strength 
Cond Res. 2002; 16(1):44–49.

32. Figueiredo DH, Dourado AC, 
Stanganelli LCR, Goncalves HR. 
Evaluation of body composition and its 
relationship with physical fitness in 
professional soccer players at the 
beginning of pre-season. Retos-Nuevas 
Tendencias En Educacion Fisica Deporte 
Y Recreacion. 2021; 40:117–125.

33. Hernandez-Jana S, Jorquera-Aguilera C, 
Almagia-Flores AA, Yanez-Sepulveda R, 
Rodriguez-Rodriguez F. Body Composition 
and Proportionality in Chilean Soccer 
Players. Differences Between Young and 
Champion Elite Players. Int J Morphol. 
2021; 39(1):252–259.

34. Rebelo A, Brito J, Maia J, Coelho-
e-Silva MJ, Figueiredo AJ, Bangsbo J, 
Seabra A. Anthropometric 
Characteristics, Physical Fitness and 
Technical Performance of Under-19 
Soccer Players by Competitive Level and 
Field Position. Int J Sports Med. 2013; 
34(4):312–317. doi: 10.1055/ 
s-0032-1323729

35. Esco MR, Fedewa MV, Cicone ZS, 
Sinelnikov OA, Sekulic D, Holmes CJ. 
Field-Based Performance Tests Are 
Related to Body Fat Percentage and 
Fat-Free Mass, But Not Body Mass Index, 
in Youth Soccer Players. Sports. 2018; 
6(4): doi: 10.3390/sports6040105

36. Pollastri L, Lanfranconi F, Tredici G, 
Schenk K, Burtscher M, Gatterer H. Body 
fluid status and physical demand during 
the Giro d’Italia. Res Sports Med. 2016; 
24(1):30–38. doi: 10.1080/ 
15438627.2015.1126273

37. Martins PC, Teixeira AS, Guglielmo LGA, 
Francisco JS, Silva DAS, Nakamura FY, 
de Lima LRA. Phase Angle Is Related to 
10 m and 30 m Sprint Time and 
Repeated-Sprint Ability in Young Male 
Soccer Players. Int J Environ Res Public 
Health. 2021; 18(9). doi: 10.3390/

ijerph18094405
38. Nabuco HCG, Silva AM, Sardinha LB, 

Rodrigues FB, Tomeleri CM, 
Ravagnani FCP, Ravagnani CFC. Phase 
Angle is Moderately Associated with 
Short-term Maximal Intensity Efforts in 
Soccer Players. Int J Sports Med. 2019; 
40(11):739–743. doi: 
10.1055/a-0969-2003

39. Micheli ML, Pagani L, Marella M, 
Gulisano M, Piccoli A, Angelini F, 
Gatterer H. Bioimpedance and 
Impedance Vector Patterns as Predictors 
of League Level in Male Soccer Players. 
Int J Sports Physiol Perform. 2014; 
9(3):532–539. doi: 10.1123/
ijspp.2013-0119

40. Silva AM, Nunes CL, Matias CN, 
Rocha PM, Minderico CS, Heymsfield SB, 
Sardinha LB. Usefulness of raw 
bioelectrical impedance parameters in 
tracking fluid shifts in judo athletes. Eur 
J Sport Sci. 2020; 20(6):734–743. doi: 
10.1080/17461391.2019.1668481

41. Di Vincenzo O, Marra M, Scalfi L. 
Bioelectrical impedance phase angle in 
sport: a systematic review. J Int Soc 
Sports Nutr. 2019; 16(1). doi: 10.1186/
s12970-019-0319-2

42. Mala L, Maly T, Zahalka F, Cabell L. Field 
position in soccer influencing 
maladaptative effect in morphological 
and body composition variables. Med Sci 
Sports Exerc. 2016; 48(5S), 990.

43. Silvestre R, West C, Maresh CM, 
Kraemer WJ. Body composition and 
physical performance in men’s soccer: 
A study of a National Collegiate Athletic 
Association Division I team. J Strength 
Cond Res. 2006; 20(1):177–183.

44. Hart NH, Nimphius S, Weber J, Spiteri T, 
Rantalainen T, Dobbin M, Newton RU. 
Musculoskeletal Asymmetry in Football 
Athletes: A Product of Limb Function over 
Time. Med Sci Sports Exerc. 2016; 
48(7):1379–1387. doi: 10.1249/
mss.0000000000000897

45. Masuda K, Kikuhara K. Demura S, 
Katsuta S, Yamanaka K. Relationship 
between muscle strength in various 
isokinetic movements and kick 
performance among soccer players. 
J Sports Med Phys Fitness. 2005; 
45(1):44–52.

46. Lloyd RS, Oliver JL, Faigenbaum AD, 
Howard R, De Ste Croix, Williams CA, 
Myer GD. Long-term athletic 
development – part 1: a pathway for all 
youth. J Strength Cond Res. 2015; 
29(5):1439–1450.

47. Malina RM, Cumming SP, Rogol AD, 
Coelho-e-Silva MJ, Figueiredo AJ, 
Konarski JM, Koziel SM. Bio-banding in 
youth sports: background, concept, and 
application. Sports Med. 2019; 
49(11):1671–1685. doi: 10.1007/
s40279-019-01166-x


