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SUMMARY: An anthropometric and body composition analysis was conducted on 123 competitive young male football players
of different age groups (U13; U15; U17 & U19) with at least 4 years of training load. 3D anthropometric measurement weee perfor
by the NX-16 ([TC]2 , 3D body scanner Cary, North Carolina). Body composition was measured by the bioelectrical impedance with
InBody 720 (Biospace Ltd.). Anthropometric and body composition characteristics among different age groups and asymneetnies betw
the left and right side of the upper and lower limbs were analysed for treated age groups. The results showed diffetfmopesietaic
and body composition variables among all age groups in all observed variables (Height, Weight, Basal Metabolic Rate uSkkdetal M
Mass, Body Fat Mass, Percent Body Fat, Abdominal Obesity Degree, Body Mass Index, Body Fat Mass, Skeletal Lean Mass and Fat
Free Mass). The results also showed that young football players of age group U13 differed statistically in four (fromvéyipalesd
(Arm Lean Mass, Leg Lean Mass, Forearm Girth and Calf Girth), U15 in three variables (Upper Arm Girth, Thigh Girth anthalf Gir
U17 in five variables (Arm Lean Mass, Leg Lean Mass, Upper Arm Girth, Forearm Girth and Calf Girth) and U19 in four observed
variables (Arm Lean Mass, Leg Lean Mass, Upper Arm Girth and Calf Girth). All of the age groups differed statisticallyiritt calf
paired variables. Puberty time probably had an impact on the results, and in future research more focus should be plkadgd on pub
characteristics variables.
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INTRODUCTION

Success in football (sport) depends on many factor@dolescent age (Milsoet al, 2015). It has been reported that
which are correlated: external factors, internal factors af@otball players with increased body size dimensions have
training process (Pocrnjic, 1999). Success in sport is al§gproved speed, power, and strength performance, especially
directly correlated with body characteristics, as are bodjuring the pubertal years (Carliegal, 2009).
dimensions, body composition and somatotype (Carter &

Heath, 1990). Football players should have, along the required ~ Various research has shown, that in sports
technical - tactical skills motor and functional abilities anmorphological and functional asymmetries exist (leal,
adequate combination of body characteristics to be succes&lL4; Filipcicet al, 2016; Rauteet al, 2017) and therefore
(Pocrnjic, 1999). they have to be studied, so that their impact on health condition
and sport performance can be determined. Body asymmetries

Anthropometric and body composition indicators argan refer to differences between the left and right side of the
important factors affecting the specific attributes of today’8ody (thorax, pelvis and trunk), between the left and right
football players (Malaet al, 2018). The variability in limbs, between the upper and lower part of the body which
anthropometric indicators and body composition parametetgn be seen from limbs dimensions, body fat percentage, bone
during this period can be used to identify an elite player at d@nsity, lean body mass, muscle meigs (Krzykala, 2012).
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Football is a complex sport, requiring the repetitiorsubjects. This study included 123 participants (football
of many disparate actions (Rampingti al, 2007) and players) of different age groups (U13 (n=37), U15 (n=32),
consists of various technical elements (Pocrnjic, 1999), sordd7 (n=35) & U19 (n=19)). All participants were recruited
of which are performed with a ball and some without ondsom the same well-organised football school. All age groups
some are performed with the player’s feet while others ahad a minimum of five activities (training sessions and
performed with other parts of the player’'s body. Many aiatches) a week. Age group U19 competed in the second
those are unilateral as kicking, passing, dribbling, jumpindjvision, all other age groups competed in the first division.
and changing directions. It was determined that performiriche minimum period of football training experience was
repeated and prolonged unrepeated movements withr years (average of 7, 38 years). Their mean age was 17.2
asymmetrical movement patterns can result in differenc2#45 years, their body height 16¥12.6 cm, and their body
between the two body sides or between agonist ameight was 56.97.3 kg.
antagonist muscles (Masuelzal, 2005). In football, players
usually have a preferred lower limb over the other. Thi&nthropometric measurements.Body height (BH) was
preference can lead to bilateral asymmetries and improreeasured with an anthropometer GPM (Switzerland).
the risk of injury in players (Domingues & Castro, 2020).

Measurements of body composition were performed

Various methods are available, to acquire and analygsing bioelectrical impedance analysis (BIA), with the
morphological characteristics in sports practitioners but théyBody 720 Tetrapolar 8- Point Tactile Electrode System
vary depending on the time available for measurement, fun@ospace Co., Ltd.). The InBody 720 apparatus, which was
and the accuracy of the results (Krzykala, 2012). Fronalidated by Wangt al (2014), utilizes the technology for
modern 3D anthropometry and bio electrical impedance weeasuring body composition by using the method of Direct
can compare both sides of the body and determine the steBegymental Multi-Frequency Bioelectrical Impedance
of body symmetries (Simenko & Vodicar, 2015). AfterAnalysis. With InBody 720 we measured Body Weight
literature review, we concluded, that there are some stud{@W), Basal Metabolic Rate (BMR), Skeletal Muscle Mass
regarding morphological asymmetries with the use of 3[l5MM), Body Fat Mass (BFM), Percent Body Fat (PBF),
body scanning method in combination with electrical bid\bdominal Obesity Degree (AOD), Body Mass Index
impedance in judo (Simenko & Vodicar, 2015), cyclingdBMI), right and left Arm Lean Mass, right and left Leg
(Rauteret al, 2017) and dancing (Prus & Zaletel, 2022)L.ean Mass, Body Fat Mass (BFM), Skeletal Lean Mass
but not in football. (SLM) and Fat Free Mass (FFM).

Therefore, the aim of this study is to research the 3D body scan measurements: anthropometric body
status of morphological asymmetries in young footbatheasurement was performed by the 3D body scanner NX-
players age groups under 13, 15, 17 and 19. The aim is al$o([TC]2, Cary, North Carolina), which was validated in a
to analyse the differences in anthropometric and bogyevious study (Simenko & Cuk, 2016) and represents a non-
composition characteristics among the included age groupssasive scanning method to produce a true-to-scale 3D body
which also has not been well researched. More specificaliyodel in 8 seconds. The scanner uses photogrammetry
we aimed to research body asymmetries, when they oc¢echnology, which projects patterns of structured white light
and the development of them through maturation. We wisin to the body. 32 cameras then record the way in which the
to examine whether football load under the Slovene trainingattern is distorted by the shape of the body. From this, the
programme develops a young body in a symmetrical body shape is digitally reconstructed from a raw photonic
asymmetrical dimension. point cloud data, which leads to a surface reconstruction of

the body and allows for automatic landmark recognition as
well as electronic tape measurements. With the software,
MATERIAL AND METHOD we extracted the measurements of five paired measurements:
left and right Long Shoulder Height, left and right Upper
Arm Girth, left and right Forearm Girth, left and right Thigh

The study was conducted in accordance with the ethicairth and left and right Calf Girth.
standards outlined in the 1964 Declaration of Helsinki,
following the 6th revision of 2008. The study was approveBExperimental procedure. The subjects were measured by
by the Committee for ethical questions in sport, Faculty dhe same examiner, one with extensive experience in the
Sport, University of Ljubljana. Written informed consent wagphysiological laboratory at the Faculty of Sport, University
obtained from all participants or their parents or guardiamd Ljubljana, in controlled environment conditions. Before
after they were adequately informed aboutstusly. measurements, a full calibration of the NX-16 scanner was
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made. The full calibration was done using: 1) the referenRESULTS

cylinder which was 150 cm in height and had diameter of

28 cm, and 2) an additional set of reference balls which

included two strings of calibration balls and a single Table | shows descriptive statistic of anthropometric
calibration ball (diameter of all balls was 15 cm). The scamnd body composition characteristics of Youth Male Football
ner calibrated itself in a way that it measured a circumferenB¢éayers (Body Height, Body Weight, BMR (Basalic
on every 10 mm from top to bottom of the cylinder, antfletabolic Rate), SMM (Skeletal Muscle Mass), BFM (Body
calculated circumferences standard deviation that should @t Mass), PBF (Percent Body Fat), AOD (Abdominal
have exceeded the prescribed limits of 0.9 mm (Simenko@besity Degree), BMI (Body Mass Index), FFM (Fat Free
Cuk, 2016). Calibration with a string of balls was successfiMass) and SLM (Skeletal Lean Mass). The results show
and within the acceptable range of the circumferences stamatistically significant differences among different age
dard deviation of 0.417 mm. Further, subjects were instructgdoups in all ten observed variables.

to remove all jewellery and clothes. They entered the scan-

ner barefooted and in formfitting bright colour underwear. Table II. Present results and statistically significant
They stood in a standardized position, with their feet locatelifferences between the left and right sides of different body
on landmarks on the scanner’s floor (feet set straight, me@gments among young football players of age group under
inwards or outwards), grabbing the handles inside of tH. The statistical differences were found in four paired va-
scanner with a natural standing posture (shoulders mubles: arm lean mass t(36)=2.99, p= 0.005; leg lean mass
elevated, elbows stretched, upright position of the back, chii36)=2.18, p= 0.036; forearm girth t(36)=5.64, p= 0.000
slightly lifted). Subjects with long hair were instructed tand calf girth t(36)=4.55, p= 0.000.

tie their hair in a bun (S"imenko & C"uk, 2016). A 3D Body

Measurement System Version 7.4.1 software was used to  Table Ill. Present results and statistically significant
create the initial point cloud that was then processed intaldferences between the left and right sides of different body
3D body model, from which customized measurements couseégments among young football players of age group under
be extracted. A multi-scan option with three consecutivE5. The statistical differences were found in three paired
scans was used to obtain the data. Multiscan options mergadiables: upper arm girth t(31)=2.58, p= 0.015; thigh girth
all three files of three consecutive scans and gave one merg@d)=-2.50, p= 0.018 and calf girth t(31)=2.60, p= 0.014.
file with the means of all three consecutive scans. Scanning

of the three consecutive scans lasted 24 s and subjects were Table IV. Present results and statistically significant
instructed to be as still as possible (Simenko & Cuk, 20186jifferences between the left and right sides of different body
Statistical Analysis. Analyses were conducted using SPS8gments among young football players of age group under
for Windows (Version 21.0; SPSS, Inc., Chicago, USA). Dath/. The statistical differences were found in five paired va-
were presented according to descriptive statistics (Meansiables: arm lean mass t(34)=2.82, p= 0.008; leg lean mass
SD). Furthermore, we performed the following testst(34)=4.98, p= 0.000; upper arm girth t(34)=4.03, p= 0.000;
Kolmogorov-Smirnov test, standard error of measuremefdrearm girth t(34)=2.77, p= 0.009 and calf girth t(34)=3.38,
(SEM), ANOVA differences among age groups and a pairgg- 0.002. Close to the limit of statistical significance in U17
sample T-test for differences between the left and right sidge group is thigh girth variable p= 0.051.

within an age group. All statistical significance for the
ANOVA and t-test was set to p<0.05. Table V. Present results and statistical significant

Table I. Anthropometry and body composition.

Age group
Variables Ul13 Ul5 u17 U19 95% CI
Mean SD Mean SD Mean SD Mean SD Lower  Upper df F p

Height (cm)  153.49 8.87 165.91 8.26 176.09 6.11 179.95 4.51 16498 16949 122 77.51 .000
Weight (kg)  43.88 8.88 52.93 9.38 64.96 8.51 74.01 10.75 54.35 59.43 122 5734 .000
BMR (cal) 1156.52 134.50 138091 157.13 1630.11 138.96 1737.07 149.86 1392.21 148646 122 96.49 .000
SMM (kg) 19.66 3.68 25.77 4.32 32.98 3.88 35.90 4.18 26.23 28.87 122 99.89 .000
BFM (kg) 7.47 4.48 6.14 3.59 6.63 3.46 10.72 5.76 6.59 8.18 122 524 .002
PBF (%) 16.18 7.37 11.19 4.83 9.90 3.95 14.03 5.11 11.68 13.85 122 8.92 .000
AOD 000.78 0.03 0.77 0.03 0.78 0.04 0.81 0.05 0.77 0.79 122 518 .002
BMI 18.49 2.66 19.12 2.45 20.89 1.92 22.82 291 19.50 20.52 122 15.85 .000
FFM (kg) 36.41 6.22 46.80 7.27 58.33 6.43 63.29 6.93 47.32 51.68 122 96.70 .000
SLM (kg) 34.33 5.86 44.16 6.86 55.02 6.02 59.66 6.52 44.63 48.74 122 97.14 .000
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differences between the left and right sides of different bodiables: arm lean mass t(18)=3.17, p= 0.005; leg lean mass
segments among young football players of age group undgk8)=3.95, p= 0.001; upper arm girth t(18)=3.20, p= 0.005
19. The statistical differences were found in four paired vand calf girth t(18)=4.39, p= 0.000.

Table II. Differences among age group U13 selected paired variables.
Age Group Ul3

Variable Right Left
Mean SD Mean SD df t p

Arm Lean Mass 1.61 0.41 1.59 0.41 36 2.99 .005
Leg Lean Mass 5.43 1.21 5.40 1.19 36 2.18 .036
Long shoulder Height 122.88 8.10 123.29 7.94 36 -1.64 .110
Upper Arm Girth 24.84 3.22 24.48 3.25 36 1.66 .105
Forearm Girth 22.41 1.77 21.70 1.89 36 5.64 .000
Thigh Girth 49.89 6.54 49.83 6.68 36 0.29 777
Calf Girth 32.73 2.79 32.31 2.66 36 4.55 .000

Table IIl. Differences among age group U15 selected paired variables.

Age Group Ul5

Variable Right Left
Mean SD Mean SD df t p

Arm Lean Mass 2.28 0.50 2.27 0.50 31 0.78 439
Leg Lean Mass 7.40 1.42 7.39 1.42 31 0.82 421
Long shoulder Height 133.33 7.40 133.85 7.17 31 -1.82 078
Upper Arm Girth 26.29 3.20 25.68 2.69 31 2.58 015
Forearm Girth 23.49 1.59 23.45 1.79 31 0.34 734
Thigh Girth 53.87 6.97 54.46 6.91 31 -2.50 018
Calf Girth 35.08 2.69 34.85 2.64 31 2.60 014

Table IV. Differences among age group U17 selected paired variables.
Age Group Ul7

Variable Right Loft
Mean SD Mean SD df t p

Arm Lean Mass 3.11 0.45 3.08 0.43 34 2.82 .008
Leg Lean Mass 9.35 1.10 9.26 1.06 34 4.98 .000
Long shoulder Height 142.06 5.94 142.03 6.10 34 0.11 910
Upper Arm Girth 29.88 2.65 29.02 2.47 34 4.03 .000
Forearm Girth 25.36 1.39 25.06 1.57 34 2.77 .009
Thigh Girth 57.43 4.65 57.02 4.73 34 2.03 051
Calf Girth 36.55 1.93 36.27 2.00 34 3.38 .002

Table V. Differences among age group U19 selected paired variables.
Age Group Ul9

Variable Right Left
Mean SD Mean SD df t p

Arm Lean Mass 3.42 0.49 3.37 0.48 18 3.17 .005
Leg Lean Mass 10.18 1.14 10.11 1.14 18 3.95 .001
Long shoulder Height 145.27 4.79 145.36 4.37 18 -030 768
Upper Arm Girth 31.74 3.21 31.06 3.29 18 3.20 .005
Forearm Girth 26.57 1.86 26.41 2.00 18 1.07 298
Thigh Girth 63.68 6.62 63.39 7.69 18 0.65 524
Calf Girth 37.93 2.62 37.46 2.64 18 4.39 .000
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DISCUSSION Il., 1., IV. and V. present anthropometric and body
composition values of selected variables of the left and right,
the lower and upper body limbs of different age groups and

In Table I. there are statistically significant differencetheir statistically significance. The statistically important
among the observed age groups in anthropometric and balifferences were: between the left and right calf girth in all
composition indicators and the results are similar but nobserved age groups, between the left and right arm and leg
the same as in findings of Maaal (2020) in their research. lean mass in U13, U17 and U19 age groups, between the

Physical growth is a continuous process that occurs durilegt and right upper arm girtin U15, U17 and U19 age groups,

the years of infancy, childhood, and puberty, and ceases whratween the left and right forearm girth in U13 an U17 and

adult stature is reached (Maaal, 2020). In BH Maleet between the left and right thigh girth only in U15 age
al. (2020) found significant differences among U12 till Ulxategory. No statistically significant differences between the
age groups and not in groups from U16 till U19, which differkeft and right long shoulder height were in any of the observed
from our findings. The differences in BH between U13, U15ge groups. From our study, we can confirm that asymmetries

U17 age groups are more than 10 cm and between U17 and present in all the observed age groups, the most in U17

U19 they are only slightly over 3 cm which is similar tcage group. Malet al. (2020) who compared the differences

findings of Malaet al (2020) who reported an increase ofn muscle mass of low limbs found statistically important

BH around 7 cm a year from U13 till U15 age group. Strattatifferences only in U17 age group and not in U12 to U16

et al (2004) reported the rate of body mass gain reacheage groups. The results of our study indicate that body

maximum of 20-25 kg between the 12th and 16th yeasymmetries already exist by 12-year-old male football

(increase in fat free mass, decrease in fat mass) and frptayers, which is in accordance with indication of

the 16th to the 20th year, it increases by 10 kg on averaialinowski (2004) that normal human body asymmetry

which is consistent with our results. Other studies revealegpears very soon and the manifestation of morphological
an association between age and body composition acrasymmetry intensifies with aging, which is connected with
adolescence. Both increase (Le Gatllal, 2002) and functional asymmetry.

decrease (Manret al.,, 2010) and fluctuation (Nikolaidis &

Karydis, 2011) of body fat across adolescence were reported  The limitations of the study are: we made a

in relevant studies. In our study BFM, PBF and AOD resultsomparison of different football players of different age

are decreasing from U13 to U17 age groups. Later an incregseups and from the same football club; only chronological
in BFM, PBF and AOD values were shown in U19 agage, without pubertal stage detection, was used to define
category. One reason can be that U19 competed in the secitradgroups. For future research it might be better to include
division (U13, U15 and U17 competed in the first Division)ynore football players from different football clubs and to
which can be explained with findings of Deprez et. al. (201%)se a longitudinal study with the same football players,
that higher-class players were significantly smaller anfdllowing their progress from their early beginnings with
slimmer than lower-level and average skill-level players. Treerious football training (U8 age group) till adultness (U21
greatest differences in BFM, PBF and AOD values in owge group).

research were found from U13 to U15 age groups, which is

consistent with findings of Malet al. (2020). BMI

constantly increases from U13 to U19, which is consiste@ONCLUSION

with the results reported by Nikolaidis & Karydis (2011) in

their research. FFM strongly contributes to strength and

power performance (Milaneseal, 2015) and is considered The present study demonstrated that the growth

a major precondition for good performance in various sportievelopment and the body composition characteristics of

and for the optimal individual performance of soccer playergoung male football players included in our study change

Our research highlights that SMM, FFM and SLM rapidlyith and are proportional to age. Statistically significant

increase from U13 to U17, which is similar to findings irdifferences are present from age group to age group,

researches from Strattehal (2004), and Mala et. al. (2020) therefore, it is appropriate for each age group to compete

who found that the rapid changes in FFM, especially in malseparately so that nobody has advantage because of the

occur from 13 to 14 years of age. biological development. The eldest U19 age group
competed in the second division, consequently lower

Morphological asymmetry, defined as the differencaumber of football players with less good body
between the right and left part of the body, is most likely eharacteristics were involved, which can be connected with

consequence of specific, mostly asymmetrical movements Jower level of motor abilities and possibly also with a

without adequate compensation (Mataal, 2020). Tables lower level of technical skills.
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