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Abstract: Body and anthropometric profiles of football players vary depending on the physiological
and technical demands imposed by different positions. The aim of this study was to evaluate the body
composition of professional soccer players in relation to their position on the field during a training
macrocycle. The Direct Segmental Multi-Frequency Bioelectrical Impedance Analysis method was
used to analyze 58 players at six key moments of the macrocycle. The results show that body profiles
are adjusted to the specific demands of each position. Midfielders showed the lowest muscle mass,
while defenders showed many notable changes. In general, as the season progressed, all field players
experienced an increase in trunk body fat. Fat and lean mass values of goalkeepers differed greatly
from the rest. The greatest variations in body composition were observed during pre-season and
transition in relation to variations in training load and competitive intensity. The results suggest
that the phase of the macrocycle has a greater influence on these variations, although the physical
characteristics of each position are relevant. Understanding these dynamics allows for the design
of more personalized and efficient training programs to optimize the performance of footballers
according to their roles and each stage of the season.

Keywords: anthropometric profiling; body composition; football players; field position; macrocycle

1. Introduction

Soccer can be characterized as a primarily low to moderate-intensity activity inter-
spersed with periods of high intensity [1]. In recent years, the physical demands in elite
soccer matches have increased significantly, and soccer players have to adapt to these [2].
Body composition, physiological and physical abilities, and other determinants of optimal
performance can be easily measured, allowing the various physical skills necessary for
success in the sport to be assessed and developed [3,4].

In soccer, it is common practice to evaluate the anthropometric profile of players in
order to optimize physical performance and reduce injuries [5]. It should be noted that
adequate levels of fat mass allow players to move better and perform better during training
and matches [6]. In addition, lean mass, especially muscle mass, should be controlled
because it can affect some performance factors such as speed, strength, power, and injury
risk [7]. In this regard, the playing position is crucial since differences in the physiological
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and metabolic needs of each position may indicate the presence of different anthropometric
and body composition characteristics [8].

Soccer players are subjected to technical and tactical actions depending on their
position on the field [9]. In this sport, soccer players are generally classified into four
positions: goalkeepers, defenders, midfielders, and forwards (strikers). In addition, the
role played on the field is essential since the physiological and metabolic demands of each
position can influence the anthropometric (body mass, height, BMI) and body composition
characteristics of each player [10,11]. Previous studies have shown that certain physical
and anthropometric attributes predispose certain players to success in soccer [8]. This
indicates that these variables point to morphological optimization within soccer and that
anthropometric measurements of players should be an integral part of a performance
profiling program [8]. For example, to improve the performance of each player, optimizing
the development of the specific qualities required in each case, professionals could design
individualized training programs based on detailed knowledge of the anthropometric,
physiological, and physical characteristics of the players, depending on their competitive
level, playing position and age [3]. Body composition assessments in soccer players
are essential to improve performance and evaluate the effectiveness of the implemented
training regimen, which is a crucial component of personalized and periodized training
programs for athletes [4]. Tracking body fat is particularly important, as maintaining
adequate levels allows players to move more efficiently during training and matches [6].
Similarly, tracking lean mass (especially muscle mass) is vital because inadequate training
loads, whether too high or too low, can lead to unfavorable physiological changes. These
changes can negatively impact key performance parameters such as power, strength, speed,
and injury risk.

On the other hand, soccer season planning is generally divided into three phases: the
pre-competitive, competitive, and transitional periods [12]. The pre-competitive period
focuses on developing the necessary skills for the competitive phase [13]. It can also be
known as the preparatory period because it focuses on rebuilding the players’ fitness after
the transition phase [14]. In the competitive period, loads should be adjusted to optimize
physiological adaptations while avoiding overtraining and injuries [15]. It is characterized
by seeking to improve sports performance based on the skills and performance acquired in
the previous phase. In the last transition phase, training is significantly reduced. Therefore,
it is the right time for athletes to recover for the next season [12]. It was found that the body
composition of elite soccer players varies greatly depending on their playing position and
the time of the season [16]. Furthermore, throughout the season, it is essential to consider
the aforementioned variables, as they can have an impact on training and performance
during competition [1]. Therefore, regular measurements of body composition can help
players to stay at their best.

The aim of this study was to evaluate the body composition of professional soccer
players in relation to their position on the field during a training macrocycle.

2. Materials and Methods
2.1. Study Design

The study was conducted between 7 January and 23 July 2021, covering the spring
round of the 2020-2021 PKO BP Ekstraklasa season, Poland’s premier football league.
The participants were male footballers from two Silesian clubs competing in the PKO BP
Ekstraklasa during the 2020/2021 season. This paper builds upon prior research with the
methodology outlined in previous works [17,18].

The inclusion criteria required participants to be professional footballers (with a signed
professional contract) from one of the involved clubs, willing to participate, and free of
long-term injuries that would prevent them from training or playing for the entire seven-
month study. Exclusion criteria included transfers between teams during the study period,
absence from training or matches for 14 days or more due to illness, injury, isolation, or
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quarantine related to the COVID-19 pandemic, or failure to participate in at least one of the
six scheduled measurements for reasons other than those listed [17,18].

The study adhered to the principles of the World Medical Association’s Declaration of
Helsinki. The bioethics committee of the Silesian Medical University in Katowice reviewed
and approved the study protocol (PCN/0022/KB/68/1/20). All participants provided
written informed consent.

Six body composition assessments were conducted during the pre-competition, compe-
tition, and transition phases of the 2020/2021 PKO BP Ekstraklasa spring season. Measure-
ment scheduling was coordinated with league and cup competitions, ensuring sufficient
post-exercise recovery time (per the guidelines provided by InBody, a minimum of 24 h
was maintained between the last physical activity and body composition analysis). Mea-
surements were taken at key points in the macrocycle as previously defined: (1) the first
measurement occurred before the preparatory phase, (2) the second after the preparatory
phase, (3) the third, and (4) the fourth during the competition phase, (5) the fifth after the
competition phase, and (6) the sixth following the transition phase [17,18].

2.2. Subjects

In this investigation, a cohort of 58 professional football players, aged between 18 and
31 years, was recruited. The study sample included athletes of various nationalities,
namely Polish, Slovakian, Spanish, Portuguese, Greek, Slovenian, Czech, Austrian, Danish,
Hungarian, Ghanaian, and Gambian origin. The participants were categorized according
to their specific positional roles on the field, which were classified as strikers, midfielders,
defenders, and goalkeepers. Finally, due to the fact that some participants were not able
to perform all the measurements, a total of 38 athletes contributed 228 body composition
measurements, with strict adherence to the predetermined inclusion and exclusion criteria
to ensure the validity and reliability of the data collected.

2.3. Methodology

Before the initial body composition assessment, participants” height was measured.
Body mass was recorded at each subsequent body composition measurement. Height
(in centimeters) and body mass (in kilograms) were measured with a precision of 0.1 cm
and 0.1 kg, respectively, using SECA 756 equipment (Seca GmbH & Co. KG, Hamburg,
Germany). The InBody 770 device (InBody USA, Cerritos, CA, USA) was used to determine
body mass, and the Body Mass Index (BMI) was subsequently calculated by dividing
body mass (kg) by the square of the height (m). The resulting BMI values were utilized to
compare height-to-weight ratios with WHO recommendations and European population
standards [19].

Body composition was evaluated using the Direct Segmental Multi-Frequency Bio-
electrical Impedance Analysis (DSM-BIA) method (InBody 770, InBody USA, Cerritos, CA,
USA). The DSM-BIA method, based on the concept that the human body consists of five
interconnected cylindrical segments, directly measures impedance from specific internal
compartments. A tetrapolar eight-point touch electrode system was employed to measure
impedance across the torso, arms, and legs at six different frequencies (1 kHz, 5 kHz, 50 kHz,
250 kHz, 500 kHz, and 1000 kHz), with the analyzer operating at a current of 80 pA [20,21].

Anthropometric measurements were further analyzed according to lateralization based
on participants’ self-reported dominant or assisting limb. The dominant limb was identified
as the one with superior strength and motor abilities. Through DSM-BIA, regional fat mass
(arms, legs, and trunk), lean body mass (measured segmentally for arms, legs, and trunk),
and visceral fat level were assessed.

Body composition parameters were determined using Lookin’Body Software ver-
sion 120.3.0.6, following the manufacturer’s established guidelines and methodology. Be-
fore each measurement session, the analyzer was calibrated using a circuit with known
impedance values (resistance = 500.0; reactance = 0.1; error = 0.9%). The entire procedure
adhered to established protocols and relevant literature [20-22].
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2.4. Statistical Analysis

The data were processed using Statistica 13.3 software (StatSoft Polska Sp. z o.0.,
Cracow, Poland) and the R 4.0.0 statistical package (2020) (The R Foundation for Statistical
Computing, Vienna, Austria), in compliance with the GNU GPL license. Results were
expressed as mean values accompanied by their standard deviations.

The normality of the data distribution was assessed via the Shapiro-Wilk test. Dif-
ferences between group means, categorized by player position (goalkeeper, defender,
midfielder, striker), were evaluated through Analysis of Variance (ANOVA). For distri-
butions that deviated from normality, the Kruskal-Wallis test was employed to assess
concordance. Post-hoc comparisons of group means were conducted using Tukey’s HSD
test for parametric data and Dunn’s test for non-parametric data. The average of the six
body composition measurements across the entire research period, as well as individual
measurements, were calculated.

To compare anthropometric data collected at different time points, ANOVA for re-
peated measures or the non-parametric Friedman test was utilized based on the distribu-
tion’s adherence to normality. Post-hoc intergroup analyses employed either Tukey’s HSD
test or the post-hoc test following Friedman’s test.

A three-factor ANOVA was implemented to analyze the composite data related to
anthropometric profiling and segmental body composition changes in professional football
players, categorized by position on the field, over the course of the training macrocycle.
This approach enabled an evaluation of statistically significant differences between groups,
considering various influencing factors and their interactions. Specifically, the three-factor
ANOVA was chosen to account for the following variables:

Position on the Field: Anthropometric characteristics and body composition can differ
based on a player’s role on the field. Analyzing these differences helps identify trends or
variations in these parameters across groups.

Timing of the Macrocycle Phases: The training macrocycle for professional football
players includes several phases, such as preparatory, competitive, and transition periods.
Body composition and anthropometric parameters may fluctuate depending on the inten-
sity and type of training in each phase. This factor determined whether significant changes
occurred across the macrocycle phases.

Limb Comparison: Segmental body composition analyzes the differences between
body parts, such as upper versus lower limbs. These variations are critical for assessing
strength, function, and overall performance. The limb comparison factor assessed potential
differences in body composition between different regions of the body.

The three-factor ANOVA thus facilitated the investigation of the effects of these
three variables—position, timing, and limb comparison—on the anthropometric and body
composition metrics of professional footballers. Furthermore, corrections were applied for
multiple comparisons and small subgroup statistical analyses.

The criterion for statistical significance was p < 0.05.

3. Results

Table 1 shows the characteristics of the study group.

Statistically significant differences were found in the content of lean body mass in
body parts of players performing various functions on the pitch. Significantly lower values
of lean body mass concerned midfielders (p < 0.05) (Table 2).
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Table 1. Characteristics of the study group (n = 38).

Age [Years] Height [cm] Body Mass [kg] BMI [kg/m?]
Variable Xx£S X+S XtS X+S
Med (Min-Max) Med (Min—-Max) Med (Min-Max) Med (Min-Max)
Striker 25.5 +5.89 182.5 £ 5.32 79.7 £ 755 2396 +1.25
24.5 (21-28) 184.5 (176-185) 80.55 (74.17-85.23)  24.37 (22.72-24.91)
Midfielder 24.13 + 4.69 179.63 + 4.6 75.1 = 6.48 2324 +1.24
24 (20-26) 177 (176-183) 72.88 (71.08-76.07) 23.26 (22.23-23.8)
Field . Defender 2754+ 45 183.88 + 5.11 83.34 +5.71 24.63 £+ 0.85
leld position 28 (26.5-30) 183.5 (180.5-187.5)  82.62 (78.59-86.91)  24.63 (23.96-25.12)
Goalkeeper 278 £7.19 188.5 £ 3.5 83.35 £ 5.6 2345+ 1.3
P 27 (26-28) 187 (186-192) 81.83 (80.15-86.07)  23.65 (22.54-24.61)
—value 0.32; 0.01; 0.01; 0.03;
P NS Mvs. G ** Pvs. D** Mvs.D*
X = average; SD = standard deviation; Med = median; Min = minimum; Max = maximum; * = p < 0.05; * = p < 0.01.
Table 2. Fat-free mass content of the players’ body components.
Fat-Free Mass [kg]
Variable Dominant Arm Assisting Arm Trunk Dominant Leg Assisting Leg
X £+ SD X+ SD X+ SD X + SD X+ SD

Med (Min—-Max)

Med (Min—-Max)

Med (Min—-Max)

Med (Min—-Max)

Med (Min—-Max)

4.07 £ 0.42_4.07

4.05 £ 0.42_4.02

30.69 & 2.41_30.53

11.16 £+ 1.06_10.99

11.08 £ 1.01_10.99

Total (3.8-4.31) (3.69-4.32) (28.95-32.37) (10.31-11.99) (10.25-11.81)
Striker 4.02 £+ 0.34_4.09 4.02 £ 0.34_4.09 30.46 £ 2.13_30.97 11.34 +1.21_11.43 11.34 +£1.22_11.35

(3.66—4.33) (3.66-4.33) (28.45-32.37) (10.49-12.26) (10.58-12.05)
Midfielder 3.83 £ 0.44_3.69 3.83 £ 0.44_3.69 29.34 +2.48 29.08 10.57 £ 0.91_10.3 10.49 + 0.88_10.22

(3.51-4.03) * (3.51-4.03) * (27.58-30.18) * (9.79-11.24) (9.79-11.12) *

Field position

Defender 422 +0.35_4.11 422 +0.35_4.11 31.73 £1.91_31.22 11.61 £ 0.97_11.29 11.44 +0.85_11.28

(3.98-4.48) * (3.98-4.48) * (30.3-33.27) * (10.78-12.55) (10.7-12.3) *
Goalkeeper 4.35+0.26_4.32 435+ 0.26_4.32 32.48 +1.55_32.93 11.61 £ 0.96_11.99 11.68 + 0.82_11.81

P (4.11-4.51) * (4.11-4.51)* (31.45-33.15) (10.94-11.99) (11.43-12.03)

0.007; 0.008; 0.007; . .
p-value Mvs.D* Mvs.D* Mvs.D* M (375041’) N M (‘)7221’) "
Mvs. G* Mvs. G* Mvs. G* ’ ’

X = average; SD = standard deviation; Med = median; Min = minimum; Max = maximum; * = p < 0.05.

There was a statistically significant difference in the content of lean body mass between
measurements 1-6 in the study group (Table 3). In the group of strikers, a decrease in the
content of lean body mass in the assisting leg was found between measurements 2 and
5 (p < 0.05). In the group of midfielders, there was a decrease in lean body mass in the
dominant arm between the 2nd and 3rd measurements (p < 0.05). In the group of defenders,
there was an increase in the content of lean body mass in the dominant leg between the 1st
and 2nd measurement, a decrease in the content between the 2nd and 5th measurement
(p < 0.01), and an increase in the content of lean body mass in the assisting leg between the
1st and 6th, and 2nd and 6th measurement. (p < 0.01).
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Table 3. Changes in fat-free mass in body parts of football players regarding field position.
. Striker (S) X + SD Midfielder (M) X + SD Defender (D) X + SD Goalkeeper (G) X = SD Position
Variable Measurement Med (Min-Max) p-Value Med (Min-Max) p-Value Med (Min-Max) p-Value Med (Min-Max) p-Value p-Value
. 3.99 + 0.36_4.04 3.86 - 0.44_3.84 423403 421 434+ 025 424 0.03; p < 0.05
(3.6-4.35) (3.54-4.08) (4-4.46) (4.17-4.53) Mvs. D*
) 402 +039_4.1 3.88 + 0.44_3.89 429+ 027 422 441+03.43 0P <00
(3.64-4.33) (3.59-4.02) (4.13-4.42) (4.22-4.61) Vs
Mvs. G*
o s 401 +037_4.11 3.85 + 0.43_3.81 423 +£031_416 439 + 027432 0P <%
Og;lrﬁam (3.74-4.19) 0.37; NS (3.54-4.02) 0.03;2vs.3* (4.03-4.43) 0.15; NS (4.27-4.6) 0.42; NS Mvs G*
. 3.97 + 0.35_4.04 3.85 - 0.44_3.69 424 +033_411 444 + 028 451 001 b < 0.05
(3.72-4.15) (3.55-4.11) (4.03-4.58) (4.32-4.6) OL;p <0
5 3.98 + 0.35_4.08 3.83 + 0.48 371 424+ 032 415 44+03 446 Moy, G
(3.62-4.16) (3.53-3.98) (4.04-4.62) (4.16-4.58) :
. 403 +039_4.13 3.86 + 0.48_3.68 428+ 034 415 443 +029_451 0'%9[8;5 <DO,;01
(3.64-4.27) (3.56-4.06) (4.05-4.66) (4.14-4.66) M2,
) 4.02 + 0.36_4.07 3.81 + 043374 424034 4.16 427 4024 414 0% b <0%
(3.64-4.29) (3.49-4) (3.94-4.41) (4.09-4.49) VR
5 401 +037_4.11 3.85 + 0.46_3.74 425 +032.4.17 432402842 0.007; p < 0.01
(3.6-4.25) (3.51-4.03) (4.06-4.3) (4.11-4.56) Mvs. D *
s 44032411 3.85 + 0.43_3.73 421 +034 417 432+ 026 418 0.02; p < 0.05
(3.69-4.28) (3.54-4.02) (3.96-4.39) (4.17-4.52) Mvs. D *
Assisting arm . 3.97 + 0.32_4.05 0.29; NS 3.82 + 045 3.76 0.08; NS 422 +037.4.1 0.16; NS 438 + 0.26_4.45 0.2 NS 0‘2818;2’ <DO,;01
(3.67-4.21) (3.52-4.01) (3.96-4.54) (4.19-45) Mg
5 402 +0.32_4.07 3.79 + 0.44_3.61 421403741 435+ 03 438 0.006:p < D01
(3.7-4.32) (3.5-4) (3.94-4.57) (4.07-4.26) IV
. 407 +0.36_4.14 3.83 4+ 0.45_3.68 424 4039 4.14 444 + 03453 0'?3[7;’5’ 730401
(3.69-4.35) (3.49-4.01) (3.92-4.62) (4.21-4.63) VR
vs. G
. 30.45 + 2.12_30.8 2032 + 247 293 3153 + 1.95_31 3216 + 143319 0.01; p < 0.05
(28.2-32.4) (27.6-30.2) (30.25-32.9) (31.2-33.2) Mvs. G*
) 30.42 + 2.26_30.85 2945 + 2,52 29.4 319+ 1.74 315 3238 + 1.65.32.4 0'?3[7;’; Bo;m
(28.2-32.5) (27.7-30.2) (30.9-32.8) (31.4-33.2) IV
s 3048 +2.12_31.1 294 + 242292 31.69 + 1.92_31.45 3238 + 148324 00Lp <00
(287-32.1) (27.5-30.2) (30.2-33) (32-33.1) M2,
Trunk 0.29; NS 0.23; NS 0.06; NS 0.34; NS o0 S
. 3028 + 2.1.30.75 2033 +2.5.28.6 31.69 + 1.97_30.95 3268 + 1.71_33.1 VAN
(28.6-31.8) (27.6-304) (30.35-33.45) (32-33.7) IV
5 3048 +2.03_31.1 2922 + 253286 3172 +2.31.25 325+ 182.33.1 0'?3[7;5 N
(285-32.2) (27.5-30.3) (30.25-33.6) (31.1-33.4) Mo
. 30.67 + 222312 2933 + 253286 31.87 +2.08_31.7 32.8 + 1.55_332 0.008; p < D01

(28.5-32.5)

(27.5-30.4)

(30.15-33.85)

(31.4-33.8)

Myvs. G*
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Table 3. Cont.
. Striker (S) X &+ SD Midfielder (M) X + SD Defender (D) X + SD Goalkeeper (G) X £+ SD Position
Variable Measurement Med (Min-Max) p-Value Med (Min-Max) p-Value Med (Min-Max) p-Value Med (Min-Max) p-Value p-Value
. 1129 +1.19_11.34 10.49 + 0.97_10.29 115+ 0.94 11.16 11.52 +0.93_11.75 0.05; p < 0.05
(10.45-12.02) (9.52-11.18) (10.61-12.55) (10.8-11.92) Mvs. D*
) 114+ 1.24 115 10.58 + 0.93_10.37 11.73 + 1.01_11.46 11.6 4 0.9_11.84 0.03; p < 0.05
(10.57-12.32) (9.75-11.29) (10.91-12.66) (11.01-12.11) Myvs. D*
3 11.39 4 1.18_11.49 106 & 0.9_10.34 11.63 & 0.98_11.41 0,001 11.62 4 0.95_11.89 0.04; p < 0.05
. (10.61-12.34) : (9.91-11.26) : (10.77-12.63) 001; (10.94-12.29) _ Mvs. D*
Dominant leg . 11.39 + 1.16_1149 0.07; NS 10.63 + 0.93_10.44 0.07; NS 11.63 + 094 11.33 s 2n 11.67 + 1.05_12.08 063; NS 0.05 NS
(10.58-12.29) 9.92-1122) (10.93-12.53) vs. (10.91-12.1) 0
5 1125+ 1.25_11.32 1051 % 0.9_10.19 1153 + 0.96_11.17 1159 4 0.99_11.78 0.04; p < 0.05
(10.28-12.27) (9.82-11.19) (10.84-12.42) (10.88-12.17) Myvs. D*
. 11.35 + 1.28_11.44 10.6 +0.9_10.13 11.64 + 1.05_11.26 11.68 + 0.97_11.72 005 NS
(10.46-12.34) (9.92-11.32) (10.76-12.54) (11.11-12.19) 0
. 11.29 +1.27_11.26 10.42 + 0.93_10.32 11.34 + 0.86_11.12 11.64 + 0.82_11.58 O'ﬁ; r <]§'95
(10.52-11.83) (9.47-11.03) (10.53-12.21) (11.45-12.02) Mas G
) 1141 +1.25_11.44 105+ 0.9_10.36 11.53 + 0.86_11.51 11.68 + 0.78_11.78 0.02; p < 0.05
(10.68-12.07) (9.91-11.14) (10.83-12.38) (1154-12.1) Mvs. D*
11.38 4+ 1.2 1143 ‘ 1053 4 0.84 10.3 11.45 + 0.84_11.4 0.007; ~ 0.03; p < 0.05
Assisting leg 3 (10.65-12.09) 0.0 (9.9-11.11) 0.05; NS (10.66-12.33) Tvs. 2% 1168 £ 08 11.7 (1143-123) 5. g Mvs. D*
. 11.35 + 1.16_11.41 2vs.5 10.52 + 0.88_10.33 11.44 + 0.82_11.27 1vs. 6* 11.71 + 0.88_11.91 0.02; p < 0.05
(10.62-12.07) (9.84-11.08) (10.8-12.26) (11.37-12.13) Mvs. D*
5 11.24 +1.22_11.23 10.43 + 0.88_10.2 11.38 + 0.82_11.19 11.65 + 0.83_11.85 0.02; p < 0.05
(10.44-12.03) (9.81-11.05) (10.76-12.17) (11.33-11.99) Myvs. D*
. 11.38 4 1.26_11.37 1051 4 0.9_10.14 11.53 4+ 0.93_11.23 1171 4 0.83_11.79 0.03; p < 0.05
(10.59-12.21) (9.8-11.27) (10.76-12.43) (11.45-11.89) Mvs. D*

X = average; SD = standard deviation; Med = median; Min = minimum; Max = maximum; * = p < 0.05; ** = p < 0.01.
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There was no difference in the content of fat tissue in the limbs depending on the

position on the pitch (Table 4).

Table 4. Fat mass content of the players’ body components.

Body Fat Mass [kg]

Variable Dominant Arm Assisting Arm Trunk Dominant Leg Assisting Leg Visceral Fat Level
X+ SD X+ SD X+£SD X+ SD X+£SD X+ SD
Med (Min-Max) Med (Min-Max) Med (Min-Max) Med (Min-Max) Med (Min-Max) Med (Min-Max)
Total 0.24 £0.13_0.19 0.25+0.13_0.2 4.07 £1.52_3.66 1.31+0.31_1.23 1.3+£0.31_1.23 229+1.21.2
(0.13-0.38) (0.15-0.37) (2.9-5.27) (1.12-1.53) (1.12-1.52) (1.33-3.33)
Striker 0.25+0.1_0.23 0.24 +0.08_0.2 3.99 +1.04_39 1.33 £0.23_1.32 132 £0.23_1.31 2+£0.74.2
¢ (0.18-0.33) (0.18-0.32) (2.93-5) (1.13-1.53) (1.13-1.52) (1.5-2.33)
Midfielder 0.24+0.11_0.18 0.21£0.1_0.2 3.36 £1.22 3.1 1194+ 0.25_1.15 1.194+£0.25_1.15 1.8 £1.05_1.33
Field (0.1-0.22) (0.12-0.23) (2.47-3.68) (1.03-1.3) (1.02-1.3) (1-2)
Position Defender 0.29 +0.15_0.37 0.29 £0.15_0.36 469+ 17752 1.38 £0.38_1.49 1.36 £0.37_1.48 2.89 +£1.37_3.25
(0.13-0.41) (0.14-0.41) (3.49-6.18) (1.13-1.73) (1.13-1.67) (1.67-4.08)
Goalkeeper 0.22 £0.18_0.15 0.26 £0.2_0.18 4.84 +1.53_4.32 1454 0.37_1.37 1.44 +0.37_1.37 2.7 +£1.25.2.33
P (0.13-0.17) (0.15-0.23) (3.92-4.9) (1.23-1.43) (1.23-1.4) (2.17-3)
p-value 0.49 0.59 0.08 0.31 0.32 0.1

X = average; SD = standard deviation; Med = median; Min = minimum; Max = maximum.

Statistically significant differences in fat tissue content in the players’ body parts in
measurements 1-6 were demonstrated (Table 5). The mass of adipose tissue in the dominant
arm increased in the goalkeeper group between the 4th and 6th measurements (p < 0.05).
An increase in the mass of fat tissue in the trunk was observed in the group of midfielders
and defenders between the 2nd and 6th measurements (p < 0.001; p < 0.01). An increase in
fat tissue mass in the dominant and assisting lower limb was demonstrated in defenders
between the 2nd, 3rd, and 6th measurements (p < 0.01; p < 0.01).
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Table 5. Changes in fat mass in body parts and visceral fat level of football players regarding field position.
Striker (S) Midfielder (M) Defender (D) Goalkeeper (G) Position
Variable Measurement X+ SD p-Value X+ SD p-Value X+ SD p-Value X+ SD p-Value Val

Med (Min-Max) Med (Min-Max) Med (Min-Max) Med (Min-Max) p-value

1 0.25 + 0.1_0.25 (0.2-0.3) 0.19 + 0.1_0.2 (0.1-0.2) 0.28 + 0.17_0.35 (0.1-0.4) 0.22 4+ 0.16_0.2 (0.1-0.2) 0.58; NS

2 0.23 4+ 0.08_0.25 (0.2-0.3) 0.19 +£0.13_0.2 (0.1-0.2) 0.28 +0.15_0.3 (0.1-0.4) 0.22 +£0.16_0.2 (0.1-0.2) 0.32; NS

Dominant 3 0.25 + 0.1_0.25 (0.2-0.3) 0,88 NS 0.19 + 0.08_0.2 (0.1-0.2) 02:NS 0.28 + 0.14_0.3 (0.15-0.4) 013 NS 0.2 +0.17_0.1 (0.1-0.2) 0.04; 0.22; NS
arm 4 0.25 + 0.1_0.25 (0.2-0.3) % 0.2 +0.1_0.2 (0.1-0.2) < 0.31 + 0.16_0.4 (0.15-0.4) i 018 +0.18_0.1 (0.1-0.1)  4vs. 6% 0.16; NS

5 0.23 + 0.15_0.2 (0.1-0.3) 0.21 + 0.13_0.2 (0.1-0.2) 0.3 + 0.15_0.4 (0.15-0.4) 0.22 4+ 0.22_0.1 (0.1-0.2) 0.45; NS

6 0.27 + 0.1_0.2 (0.2-0.4) 0.23 + 0.15_0.2 (0.1-0.3) 0.3 + 0.15_0.4 (0.15-0.4) 0.3 +0.22_0.2(0.2-0.2) 0.52; NS

1 0.23 4+ 0.08_0.25 (0.2-0.3) 0.21 £0.1_0.2 (0.1-0.2) 0.29 +0.18_0.3 (0.1-0.4) 0.26 £+ 0.19_0.2 (0.2-0.2) 0.72; NS

2 0.22 + 0.08_0.2 (0.2-0.3) 0.19 + 0.12_0.2 (0.1-0.3) 0.28 + 0.15_0.3 (0.1-0.4) 0.24 4+ 0.15_0.2 (0.2-0.2) 0.48; NS

- 3 0.23 +0.1_0.2 (0.2-0.3) ) 0.19 + 0.07_0.2 (0.1-0.2) ) 0.28 + 0.14_0.3 (0.15-0.4) ) 0.22 + 0.16_0.2 (0.1-0.2) ] 0.31; NS
Assisting arm 4 0.25 + 0.08.0.2 (0.2-0.3) 0.71;NS 02+0.1.02 (0.1-0.2) 0.12; NS 0.31 + 0.15_0.35 (0.15-0.4) 0.39; NS 022401602 (01-02) 007 NS 0.23: NS
5 0.23 £+ 0.15_0.2 (0.1-0.3) 0.23 +0.12_0.2 (0.1-0.3) 0.3 £0.15_0.4 (0.15-0.4) 0.26 + 0.26_0.1 (0.1-0.3) 0.57; NS

6 0.27 £ 0.08_0.25 (0.2-0.3) 0.23 +0.13_0.2 (0.1-0.3) 0.31 +0.16_0.4 (0.15-0.4) 0.34 4+ 0.26_0.2 (0.2-0.3) 0.48; NS

1 412 +1.14_4.35 (3.1-5) 328 + 1.14_2.9 (2.6-3.7) 4.75 + 1.82_4.95 (3-6) 472 +1.26_4.4 (3.8-4.9) 0.05; NS

2 3.87 + 1.11_4.1 (2.9-4.9) 3.14 + 1.29_2.8 (2.2-3.8) 4.4 +177_4.85(3.15-5.55) 476 + 1.3_4.4 (3.8-5.4) 0.08; NS

. 0.0002; 0.004; X 0.03; p < 0.05

Trunk 3 3.9 + 1.25_3.95 (3.1-5) 0.75; NS 3.141.2.29(25-3.6) 2 e et 4.6 + 1.62_4.8 (3.45-5.95) pe b 484147 43(3.6-57)  057;NS Mo D

4 4.02 £ 0.89_3.95 (3.3-4.9) 3.35 + 1.15_3.1 (2.6-3.6) 4.62 +1.81_4.95 (3.75-6) 4.66 +1.37_4.1 (3.7-5) 0.1; NS

5 4.03 + 1.44_3.8 (3.2-4.8) 3.5+ 1.38_3.3 (2.5-4.1) 4.7 £191_5.25 (3.7-6.1) 49 +1.88_4.2 (4.1-4.5) 0.15; NS

6 4.03 +0.99_4.1 (3-5) 3.78 + 1.41 3.2 (2.8-4.3) 5.08 + 1.92_5.7 (3.85-6.6) 5.2+ 22 43 (43-45) 0.14; NS

1 1.37 £ 0.24_1.4 (1.2-1.6) 117 £ 0.21_1.1 (1.1-1.3) 1.39 + 0.39_1.4 (1.05-1.75) 1.44 +0.32_1.3 (1.3-1.4) 0.19; NS

2 1.28 +0.24_1.35 (1.1-1.5) 1.15+0.27_1.1 (1-1.3) 0.0001; 1.33 £ 0.37_1.45 (1.05-1.65) 0.003: 142 +£0.31_1.4(1.2-1.5) 0.27; NS

. 3 1.32 4 0.31_1.35 (1.2-1.5) 1.12 + 0.23_1.1 (1-1.2) LU 1.35 4 0.35_1.4 (1.1-1.65) 0057 1.44 +0.36_1.3 (1.2-1.6) 0.11; NS

Dominant leg 0.56; NS 2vs. 6% 2vs. 6** .

4 1.35 + 0.22_1.4 (1.2-1.5) 124 0.24_1.2 (1-1.3) ; » 1.36 4 0.39_1.45 (1.15-1.65) 3 . 1.38 4 0.31_1.3 (1.2-1.4) 0.48; NS

5 1.33 £ 0.32_1.2 (1.2-1.5) 1.23 +0.3_1.2 (1-1.4) vs. 6 1.38 + 0.42_1.55 (1.15-1.7) vs. 6 1.46 + 0.44 1.3 (1.2-1.5) 0.61; NS

6 1.33 £ 0.23_1.3 (1.1-1.6) 1.28 + 0.31_1.2 (1.1-1.4) 1.47 4+ 0.42_1.65 (1.2-1.8) 1544049 14 (13-14)  0.26;NS 0.33; NS

1 1.35+0.23_1.4 (1.2-1.5) 117 £0.21_1.1 (1.1-1.3) 1.37 £0.36_1.4 (1.05-1.7) 1.44 +0.32_1.3(1.3-14) 0.18; NS

2 1.28 4 0.24_1.35 (1.1-1.5) 1.13 4 0.27_1.1 (0.9-1.3) 0.0001 1.31 + 0.38_1.4 (1.05-1.6) 0,004 1.4+ 0.31_1.4 (1.2-1.4) 0.3; NS

Assisting le 3 1.32 4 0.31_1.35 (1.2-1.5) 0.83 NS 112 +0.23_1.1 (1-1.2) B0 1.34 4 0.33_1.4 (1.1-1.65) s 1424036 13 (12-15) (10 oo 0.13; NS
818 4 1.33 £ 0.22_1.35 (1.2-1.5) R 1.19 + 0.25_1.2 (1-1.3) 2vs.6" 1.34 + 0.37_1.45 (1.15-1.6) 2vs.6% 1.38 4 0.31_1.3 (1.2-1.4) o 0.44; NS

5 1.33 £ 0.32_1.2 (1.2-1.5) 1.23 £ 0.29_1.2 (1-1.4) 3vs. 6 1.36 + 0.4_1.55 (1.15-1.65) 3vs. 6 1.46 & 0.44_1.3 (1.2-1.5) 0.58; NS

6 1.32 +0.23_1.25 (1.1-1.6) 1.28 £0.32_1.2(1.1-1.5) 1.44 +0.42_1.65 (1.2-1.75) 1.54 £049_14(1.3-14) 0.34; NS

1 2.17 + 0.98_2.5 (1-3) 1.87 + 1.19_1 (1-2) 292 + 1.73_3 (1-4) 2.6 +0.89_2 (2-3) 0.27; NS

2 2+ 0.89_2 (1-3) 1.67 £ 0.98_1 (1-2) 2,67 + 1.3_3 (1.5-3.5) 244 1.14 2 (2-3) 0.15; NS

Visceral fat 3 1.83 + 0.75_2 (1-2) ) 1.67 + 0.98_1 (1-2) ! 2.75 + 1.36_3 (1.5-4) ) 2.6 + 1.34 2 (2-4) ) 0.11; NS
level 4 1.83 £ 0.75_2 (1-2) 0.83; NS 1.67 + 0.98_1 (1-2) 0.07; NS 283 + 1.34 3 (2-3.5) 0.05;Ns 24+ 1142 (2-3) 0.12;Ns 0.07: NS

5 24+1.1.2(1-2) 1.87 + 1.19_1 (1-2) 2.92 + 1.31_3 (2-4) 2.8+ 1.92_2 (2-3) 0.15; NS

6 2.17 + 0.98_2.5 (1-3) 2,07 + 1.33_2 (1-3) 3.25 + 1.54_4 (2-4.5) 34 +152_3(3-3) 0.09; NS

X = average; SD = standard deviation; Med = median; Min = minimum; Max = maximum; * = p < 0.05; ** = p < 0.01; ** = p < 0.001.
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4. Discussion

Soccer players require certain specific physiological and technical demands depending
on their position on the field [23]. The body composition and anthropometric profiles of
players may vary according to the role they play [24]. Factors such as the period of the
season can influence these variations.

The purpose of this research was to assess the body composition of professional soccer
players based on their positioning on the field throughout a training macrocycle.

The results of the present study show significant variations in the body composition
of professional soccer players throughout the season.

Midfielders showed significantly lower values for lean body mass. This may be closely
linked to the fact that midfielders travel the longest distances, around 11 km per match, and
have lower weight, height, and total and segmental muscle mass compared to the other
roles [7,23-25].

Differences in lean mass and adipose tissue content were found between the first and
last measurements. Previous studies support these significant differences with respect to
the first and last measurements in relation to body fat and fat-free mass [8,23]. This may be
mainly due to the specific characteristics of each phase.

The defenders showed a greater number of significant changes during the measure-
ments. An increase in the lean mass of the dominant leg was observed between the
preseason and the competitive phase, followed by a reduction at the beginning of the
transition phase. These results may be affected by the intensity and volume of physical
work during the preparatory and competitive phase, which favors hypertrophy, while the
transition phase reduces the load, leading to loss of muscle mass [12,26].

However, adipose tissue in both legs increased in the transition period compared to
the second and third measurements. This suggests that decreased physical activity and
possible variations in diet during transition contribute to the increase in adipose tissue [27].

Of note is the increase of fat tissue mass in the trunk experienced by defenders and
midfielders from the second to the sixth measurement. Variations in the intensity of these
specific positions, the type of training, and the breaks throughout these phases of the season
could cause this change [25,27].

On the other hand, at the end of the season, the goalkeepers experienced an increase
in adipose tissue in their dominant arm. This could be related to a different activity profile
since goalkeepers tend to make fewer movements during matches, which can be translated
as a lower physical demand compared to the other positions; therefore, it is possible that
their training does not compensate for their caloric balance, especially in the transition
phase [6].

As for the forwards, a significant decrease in the lean mass of the auxiliary leg was
shown between the second and fifth measurements. This result may be linked to the
reduction of the training load and the intensity of the matches during transition, similar to
what happens with the defenders [9].

The physical demands and training loads vary according to the different stages of the
season and the different positions on the field. In the present study, most of the changes
in the body composition of the players occurred during the preseason and the transition
phase. On the other hand, scientific evidence supports that the fat and lean mass percentage
values of goalkeepers differ greatly from the rest of the positions on the field, although, in
general, there are very few differences among field players [7-9,23,28,29]. For this reason,
it is suggested that variations in body composition may be more influenced by the period
of the season than by the specific role of each player.

The results of this study show both similarities and notable variances with those of
other studies on the body composition of professional soccer players. For example, Carling
and Orhant reported considerable variations in muscle mass and body fat of elite players
throughout the season, particularly between the preseason and transition phases, which
coincides with the fluctuations observed in the group of defenders and midfielders in this
study [8]. The results of this study, however, indicate a more marked increase in trunk fat,
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particularly during the transition phase, whereas the studies by Barnes et al. and Milanese
et al. found less fat accumulation in elite players [2,28]. This suggests that variations
in training planning and access to nutritional resources between competitive levels may
have a significant impact on these changes. Furthermore, studies like Cardenas-Fernandez
et al. and Slimani et al. showed that players at higher levels typically maintain more
stability in their body composition throughout the season, which was not as noticeable in
the sample under study [9,13]. These discrepancies may be explained by the higher tactical
and physical demands placed on professional athletes as well as the advanced training
programs they are subjected to. However, the results of the study also suggest that some of
these variations may be consistent regardless of the level of competition, underscoring the
influence of the training cycle on body composition.

Despite the importance of body composition assessments in football players, there are
important restrictions to take into account. Firstly, the lack of physiological parameters,
such as heart rate and blood markers, restricts a complete understanding of players’ fitness
and performance. For instance, studies have shown that an athlete’s heart rate response
during vigorous exercise can offer valuable information about the athlete’s cardiovascular
condition [30]. Similarly, recent research has shown that submaximal heart rate is a useful
tool for tracking changes in cardiorespiratory fitness [31]. Likewise, the measurement of
blood markers, such as lactate, is essential to evaluate performance and fatigue in a football
setting [32,33]. Additionally, the absence of football-specific performance tests, such as
change-of-direction ability and cardiorespiratory fitness, limits the ability to assess the
actual physical demands of the game. The concordance between dribbling and change-
of-direction deficits has been recognized as a crucial sign of directional asymmetry in
young footballers [34]. This underlines the importance of incorporating specific tests that
capture the demands of the sport in order to achieve a more complete evaluation of player
performance. Consequently, including these elements in assessments may provide a more
accurate view of footballers’ physical fitness.

5. Conclusions

The results of this study have practical implications for professionals in this field.
Understanding changes in body composition according to position and their evolution
throughout the training macrocycle allows these professionals to design more specific and
effective training and nutrition programs. Regular monitoring of body composition makes
it easier to adjust training loads and nutritional intake on an individualized basis, thus
optimizing performance and reducing the risk of injury caused by muscle imbalances or an
undue proportion of fat mass.

The study reveals that variations in the body composition of soccer players are in-
fluenced by the position they occupy on the field and the stage of the season. The body
profiles of midfielders, defenders, strikers, and goalkeepers are adapted to the specific
demands of each role. However, it is during the preseason and transition phase when
the body composition of players changes the most due to changes in training load and
competitive intensity. Although the physical characteristics of each position are important,
it seems that the season has a greater impact on these variations.

Author Contributions: Conceptualization and methodology, K.K.-K., M.G. and M.R.; software,
E.M.-M,; validation, S.A.E. and ]J.U.R,; formal analysis and investigation, W.S.-B. and A.C.B.; data
curation, J.U.R. and M.R.; writing, K.K.-K. and S.A.E.; writing—review and editing, W.S.-B. and
A.C.B,; visualization, all authors; supervision and project administration, A.C.B. All authors have
read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study protocol (PCN/0022/KB/68/1/20) was reviewed
by the bioethics committee of the Silesian Medical University in Katowice and approved.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.



Sports 2024, 12, 285 12 of 13

Data Availability Statement: The datasets generated during the study are available from the corre-
sponding author on reasonable request.

Acknowledgments: To all football players participating in the study.

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

References

1. Nobari, H.; Oliveira, R.; Clemente, EM.; Pérez-Gémez, ].; Pardos-Mainer, E.; Ardigo, L.P. Somatotype, Accumulated Workload,
and Fitness Parameters in Elite Youth Players: Associations with Playing Position. Children 2021, 8, 375. [CrossRef] [PubMed]

2. Barnes, C.; Archer, D.T.; Hogg, B.; Bush, M.; Bradley, P.S. The evolution of physical and technical performance parameters in the
English Premier League. Int. |. Sports Med. 2014, 35, 1095-1100. [CrossRef]

3.  Slimani, M.; Nikolaidis, P.T. 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, 141-163. [CrossRef] [PubMed]

4. Leao, C.; Camoes, M.; Clemente, FM.; Nikolaidis, P.T.; Lima, R.; Bezerra, P.; Rosemann, T.; Knechtle, B. Anthropometric Profile
of Soccer Players as a Determinant of Position Specificity and Methodological Issues of Body Composition Estimation. Int. J.
Environ. Res. Public Health 2019, 16, 2386. [CrossRef]

5. Vega, ].M.; Gonzalez-Artetxe, A.; Aguinaco, ].A.; 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, 5446. [CrossRef]

6. Bernal-Orozco, M.F,; Posada-Falomir, M.; Quifiénez-Gastélum, C.M.; Plascencia-Aguilera, L.P.; Arana-Nuifio, J.R.; Badillo-
Camacho, N.; Marquez-Sandoval, F.; Holway, EE.; Vizmanos-Lamotte, B. Anthropometric and Body Composition Profile of
Young Professional Soccer Players. |. Strength Cond. Res. 2020, 34, 1911-1923. [CrossRef] [PubMed]

7. Sutton, L.; Scott, M.; Wallace, J.; Reilly, T. Body composition of English Premier League soccer players: Influence of playing
position, international status, and ethnicity. . Sports Sci. 2009, 27, 1019-1026. [CrossRef] [PubMed]

8.  Carling, C.; Orhant, E. Variation in body composition in professional soccer players: Interseasonal and intraseasonal changes and
the effects of exposure time and player position. J. Strength Cond. Res. 2010, 24, 1332-1339. [CrossRef] [PubMed]

9.  Cérdenas-Fernandez, V.; Chinchilla-Minguet, J.L.; Castillo-Rodriguez, A. Somatotype and Body Composition in Young Soccer
Players According to the Playing Position and Sport Success. J. Strength Cond. Res. 2019, 33, 1904-1911. [CrossRef]

10. Wong, PL.; Chamari, K; Dellal, A.; Wisleff, U. Relationship between anthropometric and physiological characteristics in youth
soccer players. . Strength Cond. Res. 2009, 23, 1204-1210. [CrossRef]

11.  Chena Sinovas, M.; Pérez-Lépez, A; Alvarez Valverde, 1.; Bores Cerezal, A.; Ramos-Campo, D.]J.; Rubio-Arias, ].A.; Valadés
Cerrato, D. Influence of body composition on vertical jump performance according with the age and the playing position in
football players. Nutr. Hosp. 2015, 32, 299-307. [CrossRef] [PubMed]

12.  Silva, ]J.R,; Brito, J.; Akenhead, R.; Nassis, G.P. The Transition Period in Soccer: A Window of Opportunity. Sports Med. 2016, 46,
305-313. [CrossRef] [PubMed]

13.  Buchheit, M.; Racinais, S.; Bilsborough, ].C.; Bourdon, P.C.; Voss, S.C.; Hocking, J.; Cordy, J.; Mendez-Villanueva, A.; Coutts, A J.
Monitoring fitness, fatigue and running performance during a pre-season training camp in elite football players. J. Sci. Med. Sport
2013, 16, 550-555. [CrossRef] [PubMed]

14. Clemente, EM.; Seerden, G.; van der Linden, C.M.I. Quantifying the physical loading of five weeks of pre-season training in
professional soccer teams from Dutch and Portuguese leagues. Physiol. Behav. 2019, 209, 112588. [CrossRef]

15. Los Arcos, A.; Mendez-Villanueva, A.; Martinez-Santos, R. In-season training periodization of professional soccer players. Biol.
Sport 2017, 34, 149-155. [CrossRef]

16. Owen, A.L.; Lago-Pefias, C.; Dunlop, G.; Mehdi, R.; Chtara, M.; Dellal, A. Seasonal Body Composition Variation Amongst Elite
European Professional Soccer Players: An Approach of Talent Identification. . Hum. Kinet. 2018, 62, 177-184. [CrossRef]

17.  Staskiewicz, W.; Grochowska-Niedworok, E.; Zydek, G.; Bialek-Dratwa, A.; Grajek, M.; Jaruga-Sekowska, S.; Kowalski, O.;
Kardas, M. Changes in body composition during the macrocycle of professional football players in relation to sports nutrition
knowledge. Front. Nutr. 2022, 9, 981894. [CrossRef]

18. Staskiewicz, W.; Grochowska-Niedworok, E.; Zydek, G.; Grajek, M.; Krupa-Kotara, K.; Biatek-Dratwa, A.; Jaruga-Sekowska, S.;
Kowalski, O.; Kardas, M. The Assessment of Body Composition and Nutritional Awareness of Football Players According to Age.
Nutrients 2023, 15, 705. [CrossRef]

19.  World Health Organization. Regional Office for Europe. Body Mass Index—BMI. Available online: https://who-sandbox.squiz.
cloud/en/health-topics/disease-prevention/nutrition/a-healthy-lifestyle /body-mass-index-bmi (accessed on 28 August 2024).

20. InBody Poland. InBody 770. Available online: https://inbodypoland.pl/produkty/inbody-770/ (accessed on 28 August 2024).

21. Yi, Y;Baek, J.Y;; Lee, E,; Jung, H.-W.; Jang, I.-Y. A Comparative Study of High-Frequency Bioelectrical Impedance Analysis and
Dual-Energy X-ray Absorptiometry for Estimating Body Composition. Life 2022, 12, 994. [CrossRef]

22.  McLester, C.N.; Nickerson, B.S.; Kliszczewicz, B.M.; McLester, ].R. Reliability and Agreement of Various InBody Body Composition

Analyzers as Compared to Dual-Energy X-ray Absorptiometry in Healthy Men and Women. J. Clin. Densitom. 2020, 23, 443-450.
[CrossRef]


https://doi.org/10.3390/children8050375
https://www.ncbi.nlm.nih.gov/pubmed/34068574
https://doi.org/10.1055/s-0034-1375695
https://doi.org/10.23736/S0022-4707.17.07950-6
https://www.ncbi.nlm.nih.gov/pubmed/29199782
https://doi.org/10.3390/ijerph16132386
https://doi.org/10.3390/ijerph17155446
https://doi.org/10.1519/JSC.0000000000003416
https://www.ncbi.nlm.nih.gov/pubmed/32058363
https://doi.org/10.1080/02640410903030305
https://www.ncbi.nlm.nih.gov/pubmed/19847685
https://doi.org/10.1519/JSC.0b013e3181cc6154
https://www.ncbi.nlm.nih.gov/pubmed/20393356
https://doi.org/10.1519/JSC.0000000000002125
https://doi.org/10.1519/JSC.0b013e31819f1e52
https://doi.org/10.3305/nh.2015.32.1.8876
https://www.ncbi.nlm.nih.gov/pubmed/26262730
https://doi.org/10.1007/s40279-015-0419-3
https://www.ncbi.nlm.nih.gov/pubmed/26530720
https://doi.org/10.1016/j.jsams.2012.12.003
https://www.ncbi.nlm.nih.gov/pubmed/23332540
https://doi.org/10.1016/j.physbeh.2019.112588
https://doi.org/10.5114/biolsport.2017.64588
https://doi.org/10.1515/hukin-2017-0132
https://doi.org/10.3389/fnut.2022.981894
https://doi.org/10.3390/nu15030705
https://who-sandbox.squiz.cloud/en/health-topics/disease-prevention/nutrition/a-healthy-lifestyle/body-mass-index-bmi
https://who-sandbox.squiz.cloud/en/health-topics/disease-prevention/nutrition/a-healthy-lifestyle/body-mass-index-bmi
https://inbodypoland.pl/produkty/inbody-770/
https://doi.org/10.3390/life12070994
https://doi.org/10.1016/j.jocd.2018.10.008

Sports 2024, 12, 285 13 of 13

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

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, 438-445. [CrossRef]
[PubMed]

Rodriguez-Rodriguez, F; Lopez-Fuenzalida, A.; Holway, F.; Jorquera Aguilera, C. Anthropometric differences per playing
position in Chilean professional footballers. Nutr. Hosp. 2019, 36, 846-853. [CrossRef] [PubMed]

Boone, J.; Vaeyens, R.; Steyaert, A.; Vanden Bossche, L.; Bourgois, J. Physical fitness of elite Belgian soccer players by player
position. J. Strength Cond. Res. 2012, 26, 2051-2057. [CrossRef] [PubMed]

Devlin, B.L.; Kingsley, M.; Leveritt, M.D.; Belski, R. Seasonal Changes in Soccer Players’ Body Composition and Dietary Intake
Practices. J. Strength Cond. Res. 2017, 31, 3319-3326. [CrossRef] [PubMed]

Bilsborough, J.C.; Kempton, T.; Greenway, K.; Cordy, J.; Coutts, A.J. Longitudinal Changes and Seasonal Variation in Body
Composition in Professional Australian Football Players. Int. J. Sports Physiol. Perform. 2017, 12, 10-17. [CrossRef]

Milanese, C.; Cavedon, V.; Corradini, G.; De Vita, F.; Zancanaro, C. Seasonal DXA-measured body composition changes in
professional male soccer players. . Sports Sci. 2015, 33, 1219-1228. [CrossRef]

Ceballos-Gurrola, O.; Bernal-Reyes, F.; Jardon-Rosas, M.; Enriquez-Reyna, M.C.; Durazo- Quiroz, J.; Ramirez-Siqueiros, M.G.
Body composition and physical performance of college soccer by player’s position. Retos 2021, 39, 52-57. [CrossRef]

Formenti, D.; Trecroci, A.; Cavaggioni, L.; Caumo, A.; Alberti, G. Heart rate response to a marathon cross-country skiing race: A
case study. Sport Sci. Health 2014, 11, 125-128. [CrossRef]

Altmann, S.; Neumann, R.; Hértel, S.; Woll, A.; Buchheit, M. Using Submaximal Exercise Heart Rate for Monitoring Cardiorespi-
ratory Fitness Changes in Professional Soccer Players: A Replication Study. Int. J. Sports Physiol. Perform. 2021, 16, 1096-1102.
[CrossRef]

Fornaziero, A.M.; Novack, L.F.; Nascimento, V.B.; Osiecki, R. Acute Responses of Youth Elite Players to a Football Match in Terms
of Blood Markers. Sports 2023, 11, 242. [CrossRef]

Arcone, R.; Montesano, P,; Di Silvestro, M.; D’Errico, A.; Meccariello, R.; Mazzeo, F. Evaluation of Blood Lactate among Different
Player Roles: A Pilot Study on Competitive Young Male Soccer Players. Endocr. Metab. Immune Disord. Drug Targets 2024, 24,
1538-1545. [CrossRef] [PubMed]

Trecroci, A.; Bongiovanni, T.; Cavaggioni, L.; Pasta, G.; Formenti, D.; Alberti, G. Agreement Between Dribble and Change of
Direction Deficits to Assess Directional Asymmetry in Young Elite Football Players. Symmetry 2020, 12, 787. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1519/00124278-200705000-00026
https://www.ncbi.nlm.nih.gov/pubmed/17530968
https://doi.org/10.20960/nh.02474
https://www.ncbi.nlm.nih.gov/pubmed/31232578
https://doi.org/10.1519/JSC.0b013e318239f84f
https://www.ncbi.nlm.nih.gov/pubmed/21986697
https://doi.org/10.1519/JSC.0000000000001751
https://www.ncbi.nlm.nih.gov/pubmed/27984500
https://doi.org/10.1123/ijspp.2015-0666
https://doi.org/10.1080/02640414.2015.1022573
https://doi.org/10.47197/retos.v0i39.75075
https://doi.org/10.1007/s11332-014-0187-8
https://doi.org/10.1123/ijspp.2020-0554
https://doi.org/10.3390/sports11120242
https://doi.org/10.2174/0118715303269744231221101401
https://www.ncbi.nlm.nih.gov/pubmed/38299283
https://doi.org/10.3390/sym12050787

	Introduction 
	Materials and Methods 
	Study Design 
	Subjects 
	Methodology 
	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 
	References

