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Abstract: The aim of this study was to describe and analyse the effects of a 12-week football
programme on body composition (fat mass, muscle mass, and bone mass) in children compared to
a sedentary lifestyle, as well as the physical demands and loads required in training and matches
in young football players (U10–U12). Forty children were included, divided into two groups: a
football group (FG; n = 20) and a control group (CG; n = 20). Body composition was analysed using
DXA and physical demands were analysed using GPS, with a total of 504 observations. Total bone
mineral content (BMC) was significantly increased in FG-U12 (p = 0.025) after training. Total bone
mineral density (BMD) was increased after the 12 weeks in FG-U10 (p = 0.001) and FG-U12 (p = 0.002).
Leg BMC in FG-U10 (p < 0.05; 2.2 to 7.1 g) and FG-U12 (p < 0.05; 2.0 to 17.0 g) was increased af-
ter 12 weeks. VO2 max after training was significantly improved in FG-U10 (p < 0.05; ES: 1.7 to
5.2 mL/kg/min) and FG-U12 (p < 0.05; 0.3 to 3.8 mL/kg/min). Among U10s, midfielders covered
greater distances and had higher intensity accelerations (p < 0.05; ES: 1.05 to 2.00) than forwards
and defenders. Among U12s, midfielders in matches covered greater distances and at higher in-
tensity than in training (p < 0.05; ES: 1.05 to 2.39). Football practice produces benefits in total and
lower limb BMC, BMD, and VO2 max. The training and position of midfielders require higher
physical demands.

Keywords: U10; U12 football players; BMC; fat mass; load; match and training analysis;
player positions

1. Introduction

There has been a significant increase in the number of overweight children [1], with as
many as 100 million young people now being overweight [2]. One cause is the decrease or
lack of physical activity, which, in turn, generates other diseases such as type 2 diabetes
mellitus, and overweight and/or obesity in childhood has been associated with possible
early death in adulthood [3]. Long-term physical inactivity is transformed into a seden-
tary lifestyle, generating osteoarticular diseases such as osteoporosis, which has grown
into a public health problem with economic repercussions associated with treatment and
rehabilitation [4]. This osteogenic disease is quite common in women and the elderly
because of low bone density [5]. Although many factors influence the risk of developing
osteoporosis [6], adequate bone mass acquisition in childhood reduces the risk of osteo-
porosis in adulthood or old age. The beneficial effects of physical activity can counteract
the negative influence of a sedentary lifestyle on body composition and physical condition
in children [7].

Currently, international guidelines recommend that young people should engage
in 60 min or more of moderate to vigorous physical activity, along with muscle and

Appl. Sci. 2023, 13, 3661. https://doi.org/10.3390/app13063661 https://www.mdpi.com/journal/applsci

https://doi.org/10.3390/app13063661
https://doi.org/10.3390/app13063661
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/applsci
https://www.mdpi.com
https://orcid.org/0000-0001-7769-626X
https://orcid.org/0000-0003-0017-0184
https://orcid.org/0000-0002-2029-1277
https://orcid.org/0000-0002-1468-7398
https://orcid.org/0000-0002-6296-6121
https://orcid.org/0000-0002-1741-5566
https://doi.org/10.3390/app13063661
https://www.mdpi.com/journal/applsci
https://www.mdpi.com/article/10.3390/app13063661?type=check_update&version=1


Appl. Sci. 2023, 13, 3661 2 of 12

bone strengthening activities or exercises at least 3 times a week [8]. Regular physical
activity is a key factor in the prevention, development, and treatment of childhood diseases
such as obesity and osteoporosis, as recurrent physical activity has positive effects on
body composition, osteogenic development, cardiorespiratory fitness, and psychological
state [9].

Football is a widely played game around the globe, and due to its high aerobic compo-
nent, it produces a high energy expenditure, which is why it can be considered an effective
tool to reduce and prevent obesity, overweight, and thus cardiovascular diseases [10].
Previous research has shown that 70–80% of maximal heart rate, indicating a high level of
physical exertion, results in greater fat oxidation and fat loss during exercise compared to
other activities of lower physical intensity [11]. Football is considered an impact sport, and
as such, it produces benefits in bone development [12]. These high intensity levels may
lead to an improvement in bone health through increased BMC and BMD during a child’s
growth period [13]. Previous studies of 12 weeks of football training in an untrained adult
population [14], children with obesity [15], or older people [16] have shown benefits in
body composition, bone quality, and physical condition variables. Therefore, it is important
to know the adaptations in a healthy child population, together with the physical demands
that children have in football training and matches, and thus design training programmes
appropriate to their stage of growth and development in order to ensure healthy parameters
in children [17].

The Global Positioning System (GPS) is the appropriate device to determine and
analyse these physical demands. It provides data on the external load experienced by
players [18–20]. Utilising this technology in football training and contests enables coaches to
comprehend the specific physical demands of different positions and tailor conditioning for
each player’s specific role on the team [21,22]. In youth soccer, GPS is frequently employed
to evaluate match performance, primarily for players aged 11 to 16 years [23–25]. However,
to date, there is a paucity of data on the external load experienced by U10 and U12 football
players in training and matches, which is needed to determine whether these physical
demands are sufficient to improve body composition and enhance bone development in
children. Therefore, the aim of this study was to describe and analyse the effects of a
12-week football programme on body composition (fat mass, muscle mass, and bone mass)
in male children compared to a sedentary lifestyle, as well as the physical demands and
loads required in training and matches in young football players.

2. Materials and Methods
2.1. Sample

The study sample consisted of 40 male children and was divided in two groups: a
football group (FG) and a control group (CG). The FG was formed by 20 children from a
football team in Toledo (Spain) (9.3 ± 1.2 years and BMI 18.0 ± 2.1 kg/m2) with a football
training frequency of 3 h per week. The FG had 1 to 2 years of previous football experience.
The CG was formed by 20 children from schools in Toledo (Spain) who did not perform any
sports practice except for two weekly physical education classes at school (9.3 ± 1.3 years
and BMI 19.0 ± 3.0 kg/m2). The players had a weekly schedule of two practices and one
match. A total of 504 observations were obtained with the GPS devices. The footballers were
separated into 4 forwards (FWs), 8 midfielders (MFs), and 8 defenders (DFs). All children
and their legal representatives completed written informed consent forms. Castilla-La
Mancha Health Service’s Clinical Research Ethics Committee approved this study following
the latest Declaration of Helsinki guidelines (Ref.: 489/24022020).

2.2. Testing Procedures

Weight and height values were taken at the beginning of the study. Weight (kg) was
measured using an electronic scale (Seca 813, Hamburg, Germany) and height (cm) was
measured using a scientific height rod (Seca 214, Hamburg, Germany). CG did not perform
any type of physical activity apart from the physical education classes at school, which
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comprised two classes per week for 60 min. FG, in addition to physical education classes
at school, completed a 12-week football programme with a frequency of two days per
week for 60 min per session, plus a 25-minute two-part match over the weekend. Training
load data were analysed based on the number of days before a match (MD minus). MD-4
was the session 4 days before competition aimed at improving physical skills (endurance,
speed, strength, and flexibility). MD-2 was the session 2 days before competition to prepare
for the match with technical (ball handling, ball control, shooting, and ball skills) and
tactical (offensive and defensive positioning, substitutions, foul and corner strategy, and
attack–defence and defence–attack transitions) exercises and small-size games. A match
day (MD) was played every Saturday. The football players completed a 15-minute warm-up
before each game, which was not analysed in this study.

2.3. Design

One week prior to the initial assessment, CG and FG were familiarised with the
different tests and technologies. Subsequently, initial or baseline (pre) assessments were
conducted under conditions like those of the familiarisation tests in both groups. Subse-
quently, the final (post) assessments took place 12 weeks after the pre-assessments. The
assessments took place in the evening, between 17:00 and 20:00 for each measurement.
They were conducted at the same time using the same order and conditions as the first
assessment. Body composition, manual dynamometry, countermovement jump (CMJ), and
cardiorespiratory fitness were evaluated at the pre- and post-assessments.

Bone mass (BMC in g, and BMD in g/cm2), fat mass (g and %), and fat free mass (g)
were calculated using a dual X-ray densitometry (Hologic Series Discovery QDR, Software
Physician’s Viewer, APEX System Software Version 3.1.2. Bedford, MA, USA). The bone
densitometer was calibrated before each day of testing using a lumbar spine phantom and
following the guidelines set by the manufacturer. Participants were evaluated lying down
with limbs extended, within scanner limits. The same operator performed all tests for
consistency. The explosive force was evaluated by the CMJ. Each subject performed 3 jumps
with 1 min rest between each jump, considering the flight time in centimeters. The highest
flight time among the 3 jumps was taken for the result. The flight time (s) was measured
using an optical data collection system (Optojump; Optojump Next v. 1.12.1.0; Bolzano,
Italy). Upper body muscle strength (kg) was evaluated using an electronic dynamometer
(Camry Mod: EH101, Valencia, Spain). Each subject made 3 attempts with 1 min rest in
between, all with their dominant hand. The highest kg value of the 3 attempts was chosen
as the result. VO2 max was estimated using the Course Navette Test, a progressive test
measuring maximum oxygen uptake. The test was performed once for each measurement,
obtaining the value of the period made by each subject. A formula was used to estimate
the VO2 max.

FG was monitored using a GPS unit (15 Hz, Spi Pro X, GPSports, Canberra, NSW,
Australia) attached to the player’s torso [26]. GPS software (Team AMS R1 2019.1 software,
GPSports, Canberra, NSW, Australia) provided total distance (TD), high-speed running
(Z5: 13.1–17 km·h−1), and sprinting information (Z6: ≥17.1 km·h−1). Players participated
in a 10 m sprint test to calculate speed zones [27]. Sprint time (s) (≥17.1 km·h−1) and
distance (m) were recorded. The GPS also recorded peak acceleration peaks, number
of accelerations, and high-intensity accelerations above 2.5 m/s2. High-intensity accel-
erations (ACCMAX) were based on Osgnach (2010) [28], defined as accelerations above
2.5 m/s2. The average peak velocity of each acceleration (VMaxACC; km·h−1), time be-
tween accelerations (IACC; s), distance covered and number of high-intensity accelerations
(HI acceleration; n), and average distance covered in accelerations exceeding 2.5 m/s2

(TDACC; m) were calculated for comparison of the results. All variables are calculated
both in absolute terms to analyse each training and match of each player and in relative
terms to determine the relative difference in the percentage of training load compared to
match load.
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2.4. Data Analysis

First, the normality of the variables was checked by the Kolmogorov–Smirnov test,
concluding that they all followed normal distribution. A sample size calculation was
performed. For the analysis of within- (pre vs. post) and between-group (FG vs. CG)
changes in anthropometry and physical condition variables, two-way ANCOVA was per-
formed with a repeated measurement (time × group). Height and weight were included as
covariates due to their influence on bone parameters. For the analysis of physical demands
in absolute terms between the three positions (DF, MF, and FW) and the sessions (MD-4,
MD-2, and MD), two-way ANOVA was used. Furthermore, two-way ANOVA was also
used to compare the physical performance variables in relative terms between the three
positions and the age categories. A Bonferroni post-hoc test was used for all pairwise
comparisons. In addition, the 95% confidence interval and effect size (ES; Cohen’s d) were
included. The effect size (ES) was calculated and categorized: trivial (0–0.2), small (0.2–0.5),
moderate (0.5–0.8), and high (>0.8). A p-value of less than 0.05 was considered statisti-
cally significant. Data analyses were carried out using the SPSS 25.0 statistical package
(SPSS Inc., Chicago, IL, USA).

3. Results
3.1. Body Composition

The results for body composition are shown in Table 1. In relation to total BMC,
there was a significant increase in FG-U12 (p = 0.025) after training. Regarding total
BMD, a significant increase was observed after the 12 weeks of intervention in FG-U10
(p = 0.001) and FG-U12 (p = 0.002). Total fat mass (g and %) obtained higher levels in
CG-U12 compared to FG-U12 before (p < 0.05; ES = 1.27, p < 0. 05; ES = 1.43, respectively)
and after the intervention (p < 0.05; ES = 1.27, p < 0.05; ES = 1.31, respectively).

Regarding the body composition of the legs, a significant increase in BMC was evident
in FG-U10 (p < 0.05; ES = 0.14) and FG-U12 (p < 0.05; ES= 0.22) after 12 weeks of training.
The same was true for BMD in FG U10 (p < 0.05; ES = 0.26) and FG-U12 (p < 0.05; ES = 0.14).
In relation to fat mass (g and %) of the legs, higher values were obtained in CG-U12 before
(ES = 1.46; p < 0.05, p < 0.05; ES = 1.57, respectively) and after (p < 0.05; ES = 1.53, p < 0.05;
ES = 1.42, respectively) 12 weeks compared with FG-U12.

With respect to the body composition of the arms, an increase in fat mass (g and %)
was observed in CG-U12 before (p < 0.05; ES = 1.29, p < 0.05; ES = 1.35, respectively) and
after (p < 0.05; ES = 1.25, p < 0.05; ES = 1.24, respectively) 12 weeks compared with FG-U12.
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Table 1. Body composition before (pre) and after (post) a 12-week intervention with two days of training football plus one match per week in young U10 and
U12 players (FG) and without football training in young controls (CG).

U10 U12

FG CG FG CG

Pre Post Pre Post Pre Post Pre Post

Total
BMC (g) 1029 ± 137 1037 ± 133 899 ± 175 920 ± 169 1144 ± 152 1175 ± 161 * 1137 ± 236 1162 ± 261
BMD (g/cm2) 0.66 ± 0.06 0.68 ± 0.06 * 0.60 ± 0.08 0.62 ± 0.08 * 0.71 ± 0.08 0.73 ± 0.08 * 0.69 ± 0.09 0.70 ± 0.10
Lean mass (g) 22,979 ± 3675 23,191 ± 3851 20,447 ± 5148 20,936 ± 5485 * 26,907 ± 3953 27,152 ± 4139 25,950 ± 6093 26,643 ± 6286 *
Fat mass (g) 6928 ± 2903 7342 ± 2902 * 8866 ± 4725 8886 ± 4828 7142 ± 2541 7224 ± 2700 12,185 ± 5350 # 12,757 ± 6007 #*
Fat mass (%) 22.0 ± 6.8 22.9 ± 6.6 * 27.9 ± 7.1 27.6 ± 7.8 20.2 ± 5.9 20.2 ± 6.5 30.2 ± 8.1 # 30.5 ± 9.1 #

Trunk
BMC (g) 263.7 ± 37.6 267.3 ± 37.5 227.2 ± 38.6 # 237.1 ± 48.2 #* 297.1 ± 55.3 301.4 ± 58.7 292.3 ± 78.7 296.1 ± 86.2
Lean mass (g) 10,631 ± 1661 10,799 ± 1755 9460 ± 2382 9693 ± 2637 12,351 ± 1807 12,467 ± 1795 12,235 ± 3166 12,581 ± 3238 *
Fat mass (g) 2532 ± 1238 2646 ± 1266 3276 ± 2254 3208 ± 2236 2639 ± 1229 2669 ± 1358 4593 ± 2468 4849 ± 2704
Fat mass (%) 18.4 ± 6.6 18.8 ± 6.8 23.3 ± 8.7 22.7 ± 9.3 16.9 ± 6.0 17.0 ± 6.8 25.9 ± 9.5 # 26.4 ± 10.2 #

Legs
BMC (g) 173 ± 32 178 ± 31 * 151 ± 42 160 ± 41 * 209 ± 40 218 ± 43 * 207 ± 52 216 ± 60 *
BMD (g/cm2) 0.75 ± 0.07 0.77 ± 0.07 * 0.69 ± 0.12 0.71 ± 0.10 * 0.84 ± 0.10 0.85 ± 0.11 * 0.81 ± 0.12 0.82 ± 0.12 *
Lean mass (g) 3786 ± 766 3789 ± 812 3316 ± 1023 3388 ± 1062 4643 ± 898 4685 ± 962 4356 ± 1175 4469 ± 1208 *
Fat mass (g) 1522 ± 663 1631 ± 664 * 1999 ± 975 2052 ± 1026 1529 ± 521 1550 ± 529 2771 ± 1176 # 2897 ± 1348 #

Fat mass (%) 27.3 ± 8.6 28.8 ± 8.1 * 35.3 ± 7.0 # 35.4 ± 7.7 # 24.0 ± 7.4 24.3 ± 8.1 36.9 ± 8.9 # 37.1 ± 9.8 #

Arms
BMC (g) 48 ± 6 48 ± 5 44 ± 10 43 ± 8 58 ± 7 57 ± 9 61 ± 16 64 ± 19
BMD (g/cm2) 0.52 ± 0.05 0.53 ± 0.06 0.45 ± 0.08 # 0.46 ± 0.06 # 0.57 ± 0.06 0.57 ± 0.06 0.54 ± 0.06 0.54 ± 0.07
Lean mass (g) 1047 ± 191 1049 ± 188 887 ± 211 919 ± 222 1238 ± 207 1254 ± 235 1161 ± 301 1201 ± 306 *
Fat mass (g) 330 ± 192 365 ± 174 * 461 ± 269 446 ± 276 362 ± 166 364 ± 175 675 ± 315 # 701 ± 360 #

Fat mass (%) 22.4 ± 10.8 24.4 ± 9.2 31.1 ± 10.5 29.6 ± 11.2 21.8 ± 8.7 21.8 ± 9.3 34.7 ± 10.2 # 34.5 ± 12.7 #

#: different between control and football; *: different between pre and post; Abbreviation: data are presented as mean ± SD; *: different (p < 0.05) from pre; #: different (p < 0.05) from CG;
BMC = bone mineral content; BMD = bone mineral density.
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3.2. Physical Condition

The results of the physical condition testing are shown in Table 2. The interaction
showed significant differences in VO2 max in U10 (p = 0.001) and U12 (p = 0.023) players
in favor of FG compared with CG before and after the 12-week training period. In turn,
VO2 max after training was significantly improved in FG-U10 (ES = 0.97; p < 0.05) and
FG-U12 (ES = 0.61; p < 0.05). CMJ height was higher in FG-U12 than in CG before (ES = 1.37;
p < 0.05) and after the intervention (ES = 1.87; p < 0.05).

Table 2. Physical condition before (pre) and after (post) a 12-week intervention with two days of
training football plus one match per week in young U10 and U12 players (FG) and without football
training in young controls (CG).

U10 U12

FG CG FG CG

Pre Post Pre Post Pre Post Pre Post

CMJ (cm) 19.4 ± 4.0 18.9 ± 4.1 16.9 ± 3.6 16.6 ± 3.7 24.1 ± 4.8 24.9 ± 5.1 17.7 ± 4.4 # 16.4 ± 3.8 #

Strength (kg) 14.4 ± 3.1 15.8 ± 3.2 13.2 ± 3.5 13.0 ± 3.4 19.8 ± 3.9 19.8 ± 4.8 17.3 ± 5.1 17.7 ± 4.8
VO2 max
(mL/kg/min) 49.4 ± 3.5 52.9 ± 3.4 * 47.2 ± 4.0 # 46.4 ± 3.9 # 49.0 ± 3.5 51.2 ± 3.2 * 42.2 ± 3.9 # 42.5 ± 4.4 #

#: different between control and football; *: different between pre and post; Abbreviation: data are presented
as mean ± SD; *: different (p < 0.05) from pre; #: different (p < 0.05) from CG; CMJ: countermovement jump;
VO2 max: maximum oxygen uptake.

3.3. Load

Table 3 presents the results in terms of the variables in absolute values obtained by
GPS in the U10 and U12 categories for MD-4, MD-2, and MD in the different game positions
(DFs, MFs, and FWs). The U10 results with respect to MD-4, MD-2, and MD showed
that MD had significantly higher values than MD-2 and MD-4 in TD, distance Z5, and
distance Z6 for MFs and higher values than MD-4 in HI acceleration for MFs (p < 0.05;
ES = 0.72 to 1.57). The U10 results in relation to the playing positions (DFs, MFs, and
FWs) showed that the MFs presented significantly higher values than DFs and FWs in TD,
distance Z5, distance Z6, and HI acceleration in MD, higher values than FWs in distance
Z6 in MD-2, and higher values than FWs in ACCMAX in MD (p < 0.05; ES = 1.05 to 2.00).
FWs showed significantly lower values than DFs and MFs in VMaxACC in MD-4 (p < 0.05;
ES = 0.25 to 0.79).

On the other hand, the U12 results with respect to MD-4, MD-2, and MD were as
follows. MD showed significantly higher values than MD-4 in TD for MFs, higher values
than MD-2 and MD-4 in distance Z5 for MFs, and higher values than MD-2 in VMaxACC
for FWs (p < 0.05; ES = 1.05 to 2.39). In addition, MD-4 showed significantly higher values
than MD-2 in IACC and TDACC for DFs (p < 0.05; ES = 1.08 to 1.17). The U12 results in
relation to the playing positions (DFs, MFs, and FWs) showed that FWs had significantly
higher values than DFs in IACC in MD (ES = 1.71; p < 0.05).

Figure 1 shows the results in terms of the variables in relative values obtained by GPS
for MD in the U10 and U12 categories for the different game positions (DFs, MFs, and FWs).
In the relative results in relation to the game positions (DFs, MFs, and FWs), in the U10
category, MFs showed a significantly lower percentage of TD than DFs and FWs (p < 0.05;
ES = 0.76 to 0.83). DFs showed a significantly higher percentage in distance Z5 than MFs
(p < 0.05; ES = 0.97). No significant difference was obtained in the U12 category or between
the two age categories.
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Table 3. Absolute training and match load metrics for U10 and U12 football players.

U10 (n = 10) U12 (n = 10)

Position MD-4 MD-2 MD MD-4 MD-2 MD

TD (m)
DF 3546.88 ± 871.37 3466.2 ± 270.31 3028.87 ± 931.33 * 3079.86 ± 466.63 2883.16 ± 758.11 3449.74 ± 1879.32
MF 3471.74 ± 925.32 B 3718.69 ± 590.52 B 4626.18 ± 1602.52 # 2733.46 ± 360.03 B 2918.32 ± 494.35 3725.89 ± 1567.70
FW 3261.49 ± 542.80 3351.47 ± 497.90 3040.60 ± 788.13 2929.78 ± 229.54 2626.50 ± 338.67 3434.17 ± 710.18

Distance Z5 (m)
DF 190.95 ± 123.20 272.72 ± 68.46 150.76 ± 64.93 * 265.18 ± 119.47 185.33 ± 146.32 287.48 ± 230.21
MF 176.05 ± 108.06 AB 309.76 ± 129.34 B 437.98 ± 223.73 # 177.15 ± 74.62 B 179.67 ± 83.67 B 332.08 ± 180.27
FW 143.08 ± 69.81 207.28 ± 68.78 207.55 ± 83.63 217.58 ± 63.82 110.23 ± 47.33 317.43 ± 77.15

Distance Z6 (m)
DF 38.07 ± 41.06 30.12 ± 14.94 47.62 ± 53.67 * 72.48 ± 65.99 47.76 ± 89.95 142.82 ± 191.24
MF 37.72 ± 35.48 B 62.63 ± 49.83 B# 128.01 ± 98.63 # 41.67 ± 32.66 42.29 ± 48.65 86.22 ± 109.52
FW 12.53 ± 18.93 5.44 ± 7.32 31.26 ± 41.12 30.04 ± 30.90 1.69 ± 1.66 71.55 ± 38.97

VMAX (km·h−1)
DF 19.50 ± 1.90 19.79 ± 0.92 20.08 ± 2.03 20.72 ± 2.25 18.99 ± 2.01 20.92 ± 3.06
MF 19.98 ± 2.02 20.68 ± 2.11 21.62 ± 2.24 19.57 ± 1.39 20.14 ± 2.30 20.45 ± 2.59
FW 20.22 ± 7.58 17.86 ± 0.98 19.29 ± 2.82 18.24 ± 1.06 17.31 ± 0.34 20.33 ± 1.84

IACC (s)
DF 2.82 ± 1.05 2.66 ± 0.36 2.76 ± 0.75 2.75 ± 0.53 A 2.21 ± 0.47 2.36 ± 0.67 #

MF 2.47 ± 0.37 2.63 ± 0.45 2.69 ± 0.52 2.52 ± 0.39 2.40 ± 0.37 2.49 ± 0.43
FW 2.49 ± 0.60 2.41 ± 0.34 2.70 ± 0.53 2.52 ± 0.74 2.62 ± 0.75 3.24 ± 0.52

VMaxACC (km·h−1)
DF 15.07 ± 1.51 # 14.50 ± 0.84 14.87 ± 1.02 14.88 ± 1.28 13.67 ± 1.06 14.58 ± 1.56
MF 14.72 ± 1.23 # 14.53 ± 1.18 14.26 ± 1.63 14.96 ± 1.33 14.57 ± 1.17 14.73 ± 1.05
FW 13.16 ± 3.30 13.20 ± 0.48 14.00 ± 0.86 14.25 ± 1.59 12.78 ± 0.89 B 15.28 ± 1.20

ACCMAX (m·s−2)
DF 2.82 ± 0.04 2.77 ± 0.10 2.82 ± 0.12 2.86 ± 0.11 2.87 ± 0.12 2.87 ± 0.14
MF 2.79 ± 0.10 2.78 ± 0.11 2.84 ± 0.12 # 2.77 ± 0.13 2.83 ± 0.13 2.81 ± 0.08
FW 2.82 ± 0.13 2.77 ± 0.08 2.71 ± 0.10 2.70 ± 0.09 2.85 ± 0.18 2.76 ± 0.10

TDACC (m)
DF 10.91 ± 5.67 9.51 ± 1.52 10.18 ± 3.31 10.13 ± 2.34 A 7.52 ± 2.09 8.78 ± 3.59
MF 8.99 ± 1.92 9.58 ± 2.45 9.57 ± 2.74 9.44 ± 2.06 8.78 ± 1.95 9.11 ± 2.43
FW 8.12 ± 1.70 7.89 ± 1.28 9.42 ± 2.29 8.97 ± 3.88 8.30 ± 2.69 12.11 ± 2.30

HI acceleration (n)
DF 10.09 ± 4.74 9.36 ± 3.85 6.40 ± 4.50 * 13.33 ± 8.51 8.92 ± 3.68 11.88 ± 10.44
MF 11.25 ± 5.98 B 13.31 ± 7.02 18.81 ± 11.79 # 9.00 ± 5.89 9.67 ± 5.91 14.08 ± 7.59
FW 5.64 ± 2.62 7.13 ± 3.98 7.22 ± 4.35 4.00 ± 2.83 3.00 ± 1.00 7.33 ± 4.93

A = differences between MD-4 and MD-2; B = differences from MD; * = differences between DFs and MFs; # = differences from FWs; TD = total distance; distance Z5: distance zone 5;
distance Z6: distance zone 6; VMAX = maximum speed; IACC = time interval between accelerations; VMaxACC = average maximum speed acceleration; ACCMAX = maximum acceleration;
TDACC = average distance travelled in acceleration greater than 2.5 m·s−2; HI acceleration = number of high-intensity accelerations; DF = defenders; MF = midfielders; FW = forwards.
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Figure 1. Training load metrics for U10 and U12 players relative to competitive match play.
Data are presented across positions: defenders (DFs), midfielders (MFs), and forwards (FWs).
TD = total distance; distance Z5: distance zone 5; distance Z6: distance zone 6; VMAX = maximum
speed; IACC = time interval between accelerations; VMaxACC = average maximum speed acceleration;
ACCMAX = maximum acceleration; TDACC = average distance travelled in acceleration greater than
2.5 m·s−2; HI acceleration = number of high-intensity accelerations; 1 = differences between DFs and
MFs; 2 = differences from FWs.

4. Discussion

The present study aimed to describe and analyse the effects of a 12-week football
programme on body composition (fat mass, muscle mass and bone mass) in male children
compared to a sedentary lifestyle, as well as the physical demands and loads required
in training and matches in young football players. The main results regarding body
composition indicated a significant increase in total BMD, BMD, and BMC of the legs in
FG (U10 and U12). Higher whole-body values were found in CG-U12 for fat mass. FG
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U10 and U12 had significantly increased VO2 max values after 12 weeks of training. The
physical demands and loads required in training and matches in FG differed according to
the position, being higher for the U10 MFs. However, no significant differences between
positions were obtained for U12 players. In addition, the load and physical demands
were higher in training for U10 players than in matches. This variability was lower for
U12 players. The results of the body composition testing together with the analysis of the
load and physical demands of U10 and U12 football training in the present study are novel,
as such a study has not been previously carried out.

When analysing baseline body composition and fitness values, differences were
observed between FG and CG, and these differences persisted or increased after 12 weeks
of football training. Similar results were shown in the study by Zouch (2008) [29] in which
the football group with at least 3 years of practice showed differences from the sedentary
control group that only performed physical education classes, in terms of baseline values
and after 5 and 10 months of football training. CG-U12 had higher fat mass values than
FG-U12 before the intervention. However, these basal differences were not evident between
CG-U10 and FG-U10. Furthermore, baseline VO2 max values were higher in FG-U10 and
FG-U12 than in CG-U10 and CG-U12. This difference was greater in the U12 category.
This may be due to the length of time spent playing football, as the U12 players had been
playing football for two years longer than the U10 players. This length of time playing sport
may have resulted in a greater difference in energy expenditure and calorie consumption
compared to CG-U12, which may have led to greater differences in fat mass levels [30].
Football is an aerobic sport that leads to improvement in cardiorespiratory fitness from
childhood to adolescence and can lead to improvement in VO2 max compared to CG [31].
Additionally, CMJ values were higher in FG-U12 before and after the intervention than
in CG-U12. Football is a combination of jumping, sprinting, changing direction, shooting,
and passing [10]. These physical activities mainly use the skeletal muscles of the lower
extremities, resulting in greater strength and power compared to CG. Therefore, previous
football experience is a factor to consider when analysing body composition and physical
fitness in U10 and U12 children.

In relation to the values obtained in the bone development of U10 and U12 children,
we found higher levels of total BMC and BMD and in the legs of both groups (FG-U10 and
FG-U12) after the 12 weeks of training. This is due to the fact that a sport such as football is
associated with high-impact exercise, as it involves sprints, jumps, and movements that
require abrupt changes in the centre of mass [32]. In addition, greater differences in BMC
and BMD values were observed in the lower extremities than in the upper extremities.
The causes of these differences may be due to the higher physical activity that the leg
bones have to tolerate, as they are continuously supporting the actions of the body and
interactions with the ball and the opponent. However, the increase in BMC and BMD levels
was greater for FG-U12. Age may play a major role in bone development. The stage of
growth and sexual maturity is most noticeable at age 12, which may be decisive for their
bone mineralization [33] and may be a cause of these differences compared to FG-U10.

Regarding the results observed in the fat mass variable, both groups (CG- and FG-U10
and CG- and FG-U12) showed similar levels after the 12 weeks of intervention. As these
were healthy children with a low BMI (18–19 kg/m2), the impact of the training might
not have caused an alteration in fat mass levels [30]. Additionally, possible variations in
diet or physical activity outside the study were not considered. In relation to muscle mass,
which is similar to fat mass, no variations were observed between the two groups after
12 weeks. The time factor may be the cause of the results obtained, since greater gains in
muscle mass were achieved in children who play football in interventions carried out over
a longer period [34].

In relation to the load and physical demands required for football training in U10
and U12 players, we observed that position plays an important role. U10 MFs had higher
load values in training and matches than DFs and FWs. This was due to the influence
of both their offensive and defensive roles in the game, which leads to higher physical
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demands [35]. In contrast, differentiating between U10 and U12 players, U12 players
showed less variability between their playing positions. According to previous research,
young players’ notions of tactics and rules of the game are very low or non-existent and
are influenced by training and competition experience [36]. These tactical notions have
different levels of knowledge depending on age [37] and the position of the player on
the pitch [38]. On the other hand, differentiating between training sessions and matches,
both in absolute and relative values, greater physical demands were found in training
for both age categories. In this age group, training was focused on the development of
physical and technical skills [39,40], which together with good locomotor coordination [41]
produce improvements in the physical condition (VO2 max, CMJ, or dynamometry) of
young football players [42,43].

Extrapolating these differences in physical demands in training and matches between
positions in both age categories to the pitch of body composition and physical condition, a
future line of research could be the influence of the playing position in training and matches
on the variables of body composition and physical condition. Certain positions require
more physical activity than others depending on whether the activity is performed in
training or in a match. Therefore, the benefits to body composition and physical condition
could be different.

This study had limitations that must be acknowledged. The division of the groups
was not random, as the subjects in the football group were predisposed to play football
because they already had one year of previous experience. Various factors that may affect
body composition, such as physical activity outside of football training, hours of physical
education at school, and dietary intake of the subjects, were not considered. Furthermore,
this research was carried out with males, so the results cannot be generalised to all children.

5. Conclusions

The present study indicates that football practice for 12 weeks in young U10 and U12
football players produces benefits in body composition and physical fitness. The main
improvement in body composition was bone development (BMC and BMD) in both the
whole body and lower extremities. These improvements were most notable in the U12
category. Regarding physical fitness, the main benefit was in VO2 max, with significant
improvement in both age categories. In relation to physical demands, the playing position
and whether the activity was performed in training or in a match were influential factors.
U10 and U12 MFs had higher physical loads in training and matches than DFs and FWs.
The demands required in training were higher than in matches for both age categories.
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