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Abstract: Excessive daily training load (TL) can affect the musculoskeletal system health of youth elite
soccer players. The purposes of this study were (i) to describe the TL and session rating of perceived
exertion (s-RPE) throughout the competition season; (ii) to analyze the weekly (w) differences of
acute (daily) workload (wAWL), chronic workload (wCWL), acute–chronic workload ratio, training
monotony (wTM), and training strain (wTS) among three periods over the season (early-, mid-, and
end-season) by playing position; and (iii) to compare the TL variables during competition periods
for the whole team. Twenty young elite soccer players in the under-14 category participated in this
study. The game positions were considered as six wide defenders and wide midfielders (WM), five
central defenders and central midfielders, and four strikers (ST). Daily monitoring was continued for
26 weeks during a full competition season. According to the league schedule, the season was divided
into three periods: early-season from w1 to w8, mid-season from w9 to w17, and end-season from
w18 to w26. The main results were that the higher TLs were detected in the early- and mid-season.
There was a wAWL and wCWL decrease for all playing positions from early- to mid- and end-season,
but the wCWL change was significant only from early- to mid-season (p ≤ 0.05). For all playing
positions but ST, there was a considerable wTM increase from early- to mid-season. When compared
with all other playing positions in terms of wAWL and wCWL, WM showed significantly greater
values (p ≤ 0.05). Throughout the season periods, all workload indicators showed a considerable
reduction, although there was a significant increase in the three other workload-derived variables
(all with p ≤ 0.05) and namely: (i) wACWLR from mid- to end-season; (ii) wTM from early- to
mid- and end-season; and (iii) wTS from early- to mid-season. Daily training load and s-RPE had
significant fluctuations during all macrocycles of the competition season (p ≤ 0.05). In addition, in
the mid-season, wTM and wTS were higher. Training load monitoring (in terms of, e.g., wAWL,
wCWL, and s-RPE) could be the key for coaches of soccer teams to prevent overtraining and injury,
especially in U-14 players, who are more susceptible to being affected by high workload.

Keywords: monitoring; performance; playing position; RPE; youth player

1. Introduction

Soccer is a team sport with high- and low-intensity activities as well as technical and
tactical components [1]. For short-term performance development in elite soccer players,
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adequate training load (TL) is a fundamental factor [2]. Training load can be considered as
either external or internal—the former being the physical activity performed by the players
and the latter being their physiological answer to it [3–5]. In turn, variables describing
TL can be measured better within laboratory or field contexts [6]. In team sports such as
soccer, the external load can be assessed by measuring some variables such as total distance
covered, accelerations, or metabolic power [7], whereas the internal load is the players’
psychophysiological answer occurring throughout the exercise [8]. The use of the rating
of perceived exertion (RPE), more commonly known as a subjective tool, has been useful
in assessing the internal load of athletes allowing effective recording of the physiological
stress and the subject’s reaction to the external load [9]. In addition, this scale proved to be
valid and reliable [10] and popular due to its practicality, simplicity, and low cost [11]. In
this regard, session RPE (s-RPE) is an acknowledgeable accepted indicator of internal load
featuring an entire session knowing its time in minutes [12]. Generally, for each athlete,
s-RPE is collected 30 min after a training session to ensure that the reported perceived
exertion is truly related to the whole session [13].

Hence, TL monitoring in team sports has increased dramatically due to the need
to monitor individual answers to training [14]. The monitoring of TL could provide
noteworthy information about the intensity of the training and players’ adaptation to
it. According to previous studies, anthropometric differences and fitness characteristics
allow players to be more successful in different positions of the game [15,16], and each
position has different energy expenditure and psychophysiological demands. Regarding
previous research, various factors could affect the training effectiveness such as the period
of the season (e.g., pre- or in-season), the players’ competitive level (e.g., amateurs or
elite), and the TL imposed [17,18]. Furthermore, excessive daily internal TL can affect
the musculoskeletal system health of youth athletes in terms of overload on respiratory,
cardiocirculatory, and muscular systems [7,8].

Considering that during sport training and competition, it is often not allowed to wear
any external devices to assess internal load, utilizing RPE and its related workload indices,
namely weekly acute (wAWL), chronic workload (wCWL), and acute-chronic workload
ratio (wACWLR), training monotony (wTM), and training strain (wTS) becomes important
for TL monitoring [12]. Briefly, wACWLR is an indicator that shows the ratio between the
fatigued (acute) and average (chronic) RPE of the players [19] over a week, whereas wTM
describes the weekly load variations, and wTS, which is the product of weekly load by
monotony, quantifies the stress imposed by the load [20].

Recent research in soccer has identified weekly [21], monthly [22,23], and seasonal [24]
aspects of TL. In addition, it is known that in-season, there is a simultaneous TL increase
and decrease in training and competition load, respectively [25]. Workload variables are
acknowledged to be good indicators of load weekly session distribution and effects [20].
Although various research studies have been completed regarding workload variables
in different playing positions and team sports [14,26,27], there is a lack of information
about the changes of these variables in adolescent elite soccer players (U-14), especially
over the competition season. This paper’s authors do not believe this is particularly due
to lack of interest or some difficulty regarding such an investigation; rather, it is due
to underestimating the effect of actual TL on the musculoskeletal system health of this
population. Training load monitoring at younger ages is a necessity over the training
process, since young players are at peaks of height and hormonal (e.g., testosterone)
changes that can affect their answer to the intensity of training [28–30]. In addition, this
age phase (viz., adolescence) is a vital period of physical development, and it is assumed
that the largest improvements of physical, technical, and physiological capacities occur
between the ages of 12 and 16 years over maturation [31]. Therefore, three objectives were
defined for this study: (i) to describe daily—internal and field—TL and s-RPE throughout
the competition season; (ii) to analyze the weekly differences of wAWL, wCWL, wACWLR,
wTM, and wTS among three periods (early-, mid-, and end-season) and playing positions;
and (iii) to compare the TL variables over the competition period for the whole team.
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2. Methods and Material
2.1. Participants

Twenty-six young male elite soccer players participated in this study (Table 1). Par-
ticipants played in the same team and were competing in the Iran U-14 national team
competitions. To analyze the differences between player positions, participants were
divided as follows: six wide defenders (WD) and wide midfielders (WM), five central
defenders (CD) and central midfielders (CM), and four strikers (ST) [24,32]. Inclusion
criteria in this study were as follows: (i) players had to participate in at least 90% of all
training seasons; (ii) players were not allowed to participate in any training plans other
than the one monitored within this study (players’ families were involved in controlling
for this), and (iii) the players who did not participate in the weekly match had to undergo
a supplementary training session (without ball or small side games). This study was
approved by the Ethics Committee of the Sport Sciences Research Institute. All players as
well as their parents were informed of the purpose of the study before signing an informed
consent. All stages of this study were carried out according to the 2013 Helsinki Declaration
on studies on humans.

Table 1. Players’ anthropometric, maximum oxygen uptake (VO2max), and maturity status variables.

n Age (yrs) Height (cm) Mass (kg) Fat (%) VO2max
(mL·kg−1·min−1) PHV (yrs) Maturity

Offset (yrs)

26 13.3 ± 0.2 165.8 ± 11.7 50.7 ± 7.6 19.9 ± 6.6 44.2 ± 2.8 13.3 ± 0.5 −0.01 ± 0.6

Data as mean ± standard deviation. Abbreviations: PHV = peak height velocity.

2.2. Sample Size

In terms of statistical approach, we assessed power and sample size for an F-test
with within-group factor in a repeated-measure design. With a total of 20 participants, the
chance of rejecting the null hypothesis of no fluctuation of training workload monitoring
data is successfully rejected with 80.5% actual power.

2.3. Experimental Approach to the Problem

This study is a descriptive–longitudinal monitoring of a full-competition season of
a soccer team. Since the beginning of the competition season, daily monitoring has been
carried out. The full season was divided into three macrocycles according to the competition
schedule of the team: Early-season, w1 to w8; Mid-season, w9 to w17, and End-season, w18
to w26. Only players using the RPE scale—a 1-to-10 scale, also known as CR10 [33]—for
at least one season were recruited. To use this scale reliably, standardized procedures
including players’ familiarization with it and standard timing of rating were followed [33].
Players reported RPE 30 min after the training and match session individually. Then, the
workload for each training session was calculated by multiplying s-RPE by training time.
These data were used to obtain weekly training workload variables’ information for further
analysis (i.e., wAWL, wCWL, wACWLR, wTM, and wTS [10,33]). The wACWLR was
calculated by means of the uncoupled formula previously described [34,35]. Therefore,
above variables and wACWLR were reported from the third and fourth week, respectively.
To estimate the VO2max of the players, the intermittent fitness test 30-15 (30-15IFT [36]) was
performed in the pre-season (Table 2).



Healthcare 2021, 9, 1418 4 of 13

Table 2. Monitoring the periods of the full season.

Years 2020 2021

Mo July August September October November December January

W 1 to 4 5 to 8 9 to 12 13 to 16 17 18 to 20 21 to 24 25 to 26

Phase Early-season Mid-season End-season

Ma (n) 3 3 1 1 1 3 4 2

TS (n) 13 13 13 11 3 9 11 6

ADTS (min) 2465.5 2390.5 2497.9

Abbreviations: Mo = Months; W = Week; Ma = Matches; TS = Training sessions; ADTS = Average duration of training sessions.

2.4. Measurements
2.4.1. Anthropometric and Body Composition

To measure standing height, participants stood with bare feet with their lower back
as close as possible to a stadiometer in order back of head, shoulder blades, buttocks, and
heel to touch the stadiometer. Their legs were placed beside each other. Then, height was
measured with a rod on the head. To measure sitting height, participants were asked to
sit on a 50 cm height box facing forwards. Their lower back was as close as possible to
the stadiometer in order for the pelvis to be attached to the stadiometer and, if possible,
shoulders to touch it. They kept their upper body straight and put their hands on their
feet. Then, the height between the highest point of the head (vertex) and support plan of
hip (ischial spines) was measured. Furthermore, throughout the measurement, the head
should be kept along a Frankfort horizontal plane. For these measurements, a SECA 213
(Germany), with an accuracy of ±5 mm, was used.

To measure weight, each subject was placed on a scale (with 0.1 per kg accuracy) with
sports shorts, and his weight was measured. All of the above data in addition to age were
used to calculate subjects’ maturity offset at PHV [37] as follows: maturity offset = −9.236
+ 0.0002708 (leg length·sitting height) − 0.001663 (age·leg length) + 0.007216 (age·sitting
height) + 0.02292 (weight-by-height ratio) with R = 0.94, R2 = 0.891 and SEE = 0.592) and
leg length = standing height (cm)—sitting height (cm).

Thickness of subcutaneous fat of two points of the body, namely triceps and sub-
scapular, was measured. Body fat percentage was estimated according to the method of
Slaughter et al. [38] with skin thickness obtained by means of a caliper Lafayette Instrument
Company (Lafayette, IN, USA) with 0.1 mm accuracy. All measurements were performed
twice on the right side of the body. The final score was recorded as the mean of the two
measurements. If the technical measurement error was high (>5%), the subcutaneous fat
measurement was performed again, and the median of the three repetitions was used for
further analysis. All measurements were performed by an expert researcher with five years
of experience in this measure. All anthropometric and body composition measurements
were taken in the morning [39].

2.4.2. Aerobic Power Test

To estimate VO2max and the readiness level of subjects, 30-15IFT was operated. The
intermittent fitness test 30-15, a multi-stage protocol, included an initial 40-m shuttle over
30-s activity followed by a 15-s passive recovery. Each stage lasted 30 s and the initial speed
was 8 km/h; then, it increased by 0.5 km/h every 45 s [36]. As the warm-up for all tests,
subjects performed 10 min of standard warm-up including jogging, dynamic stretching,
some ABC (i.e., abs, butt and core) run drills, and submaximal-speed short sprints under
surveillance of the fitness coach of the team. After warm-up, subjects were divided into
four-person groups and stood before line A. After loudspeakers played, “Ready, go!”,
subjects started running crossing line B 20 m away and then line C 40 m away and then
back to line B in 30 s. Then, they were placed again before line A for the next step. This test
was protracted until subjects were not able anymore to continue the test or not able to reach
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line B within 30 s three consecutive times. The intermittent fitness test 30-15 was used to
estimate VO2max with the following formula [36]: VO2max (mL·kg−1·min−1) = 28.3 − 2.15
− (0.741·age (yrs.)) − (0.0357·body mass (kg)) + (0.0586·age (yrs.) × VIFT) + (1.03·VIFT)
with VIFT = final running speed.

2.4.3. Monitoring Internal Training Workloads

Before the research, players were further familiarized with the RPE scale. Namely,
players were monitored daily by using the CR10 scale [33]. The validity and reliability of
this scale to estimate the intensity of the session have been proved in a previous study [10].
The main question of the RPE scale was: “How intense was your session?” and players
were asked to answer this question 30 min after the end of the training session or match.
Training session intervals (in min) were recorded. The rating of perceived exertion of
each session as a measure of internal load was calculated by multiplying the CR10 score
by duration of session in min. To avoid players hearing other teammates’ scores, data
collection was accomplished individually. Daily data were registered in an Excel sheet.

2.4.4. Training Workload Calculation

In this study, workload variables were calculated as follows [10]: (i) wAWL, as a
weekly sum of all training and/or match loads; (ii) wACWLR, as a result of following un-
coupled formula: wACWLR = wACWL 4 (i.e., over week 4)/(0.333·[wACWL 2 + wACWL
3 + wACWL 4]); (iii) wTM, as wACWL/(over one week) SD ratio, and (iv) wTS, as
wACWL·wTM product.

2.5. Statistical Analysis

Means and SDs were used to present data information. Shapiro–Wilk and Levene
tests were used to ensure that data were normal and homogeneous, respectively. Repeated-
measure analysis of variance (ANOVA) was used to analyze the three periods followed
by Bonferroni post hoc test for pairwise comparisons of (playing positions × periods)
with playing positions and (playing positions × periods) with playing positions. The
effect size of repeated-measures ANOVA was estimated as partial eta squared (ηp

2). The
magnitude of pairwise comparisons for between-period comparisons was also estimated
using Hedge’s g effect size with a 95% confidence range. For effect size statistics, Hopkins’
thresholds were used: g ≤ 0.2, negligible; 0.2 < g < 0.6, small; 0.6 < g < 1.2, moderate; 1.2 < g
< 2.0, huge; 2.0 < g < 4.0, very large; and g > 4.0, virtually perfect [40]. In addition, p ≤ 0.05
was used as the significance level. For computations, Statistical Package for Social Sciences
(version 25.0, IBM, Chicago, IL, USA) was used. We also used statistical software (G-Power,
University of Dusseldorf, Dusseldorf, Germany) to operate an a priori computation of
power and sample size. With F-test, ANOVA, repeated measures, and within factors,
resulting numbers of groups and measurements were five and three, respectively, with an
effect size ηp

2 of 0.30 (with ηp
2 ≥ 0.14, large effect), a power α err probability of 0.05, and a

power 1-β err probability of 0.80.

3. Results

Figure 1 displays all macrocycles in terms of daily TL and s-RPE throughout the
competition season. The lowest and highest recorded TL values occurred during the 17th
(122 ± 168 arbitrary units (AU)) and 49th (576 ± 61.3 AU) sessions, respectively. The
lowest and highest recorded s-RPE values occurred during the 66th (2.6 ± 2 AU) and 49th
(6.4 ± 0.7 AU) sessions, respectively.

wAWL, wCWL, and wACWLR fluctuations over periods and playing positions
are shown in Figure 2. The maximum and lowest load were recorded during the end-
season (WM = 1753.3 ± 130.5 AU and ST = 722 ± 99.6 AU) for wAWL, in mid-season
(WM = 1587.3 ± 101.9 AU) and end-season (CM = 1016.7 ± 122.4 AU) for wCWL, and
ultimately in the early-season (CD = 2.5 ± 3.5 AU) and end-season (WM = 0.57 ± 0.17 AU)
for wACWLR, respectively. There was a significant decrease in wAWL and wCWL in all
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fields of play from the early- to end- and mid-season, but in wCWL, it was only significant
compared to the mid- and to early-season in WD (p = 0.036). Meanwhile, there was a sig-
nificant increase in WD (p = 0.031), CD (p = 0.005), and WM (p = 0.001) positions compared
to the end- to mid-season in wACWLR.

Figure 1. Fluctuations in session training load (A) and rating of perceived exertion (RPE, B) over the season.
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Figure 2. wAWL (a), wCWL (b), and wACWLR (c) patterns over periods and playing (field) positions
and whole team. WD, wide defenders; WM, wide midfielders; CD, central defenders; CM, central
midfielders; ST, strikers; OV, whole team; AWL, weekly acute workload; CWL, weekly chronic
workload; ACWLR, weekly acute to chronic workload ratio. * Represents a statistically significant
difference compared with Ear-S (p ≤ 0.05); Represents a statistically significant difference compared
with Mid-S (p ≤ 0.05). # Significant differences between two playing positions in the same period of
the season (p ≤ 0.05).

Figure 3 shows the comparisons among the different playing positions over each
period of competition season in terms of wTM and wTS. The highest and lowest wTM
values were observed in the mid-season (WD, 11.1 ± 10.8 AU) and early-season (CM,
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1.5 ± 0.2 AU), whereas in terms of wTS, they occurred in the mid-season (WD, 14,375 ±
15,315.4 AU) and early-season (WM, 1764.7 ± 537.2 AU), respectively. Overall, there was a
significant increase in wTM during the mid-season compared with the early-season for all
playing positions except ST. Considering wTS, there was no significant change.

Figure 3. wTM (a) and wTS (b) patterns over periods and playing (field) positions and the whole team. WD, wide defenders;
WM, wide midfielders; CD, central defenders; CM, central midfielders; ST, strikers; OV, whole team; TM, weekly training
monotony; TS, weekly training strain. * Represents a statistically significant difference compared with Ear-S (p ≤ 0.05);
Represents a statistically significant difference compared with Mid-S (p ≤ 0.05).

Table 3 shows pairwise comparisons of wAWL, wCWL, wACWLR, wTM, and wTS
across all in-season periods for the overall team. Repeated-measures ANOVA analysis
of differences among competition season periods was operated. Significant results were
observed regarding wAWL (p ≤ 0.001, F = 109.81, ηp

2 = 0.85), wCWL (p ≤ 0.001, F = 58.23,
ηp

2 = 0.75), wTM (p ≤ 0.001, F = 15.79, ηp
2 = 0.45), and wTS (p < 0.009, F = 6.67, ηp

2 = 0.26).
Differently, there was no significance regarding wACWLR (p = 0.251, F = 1.40, ηp

2 = 0.07).
Over the season periods, all workload outcomes showed considerable decreases. How-
ever, there were three significant increases in terms of the other variables and namely
(i) wACWLR, from mid- to end-season; (ii) wTM, from early- to mid- and end-season; and
(iii) wTS, from early- to mid-season (p ≤ 0.001). Differently, there were not any significant
changes in terms of wTM and wACWLR when comparing early- to end-season as well as
wACWLR when comparing early- to mid-season (p > 0.05).
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Table 3. Based on training load variables, a comparison among periods of competition season is shown.

Variables Season
Period

Mean SD Comparison Mean
Difference

95% CI
p Hedge’s g

95% CI

Lower Upper Lower Upper

wAWL (AU)

Ear-S 1426.6 86.3 Ear-S vs. Mid-S −171.5 −225.4 −117.5 ≤0.001 * −1.9 −2.6 −1.1

Mid-S 1255.2 82.1 Ear-S vs. End-S −236.3 −285.6 −187.0 ≤0.001 * −2.8 −3.7 −2.0

End-S 1190.3 66.4 Mid-S vs. End-S −64.8 −112.6 −17.0 0.004 * −0.8 −1.4 −0.2

wCWL (AU)

Ear-S 1387.0 115.4 Ear-S vs. Mid-S −141.1 −204.0 −78.3 ≤0.001 * −1.3 −2.0 −0.6

Mid-S 1245.9 77.2 Ear-S vs. End-S −183.8 −244.9 −122.6 ≤0.001 * −1.8 −2.5 −1.0

End-S 1203.2 70.2 Mid-S vs. End-S −42.6 −89.9 4.6 0.029 * −0.5 −1.2 0.1

wACWLR
(AU)

Ear-S 1.11 0.49 Ear-S vs. Mid-S −0.2 −0.4 0.1 0.572 −0.4 −1.0 0.2

Mid-S 0.95 0.02 Ear-S vs. End-S −0.1 −0.3 0.1 <0.999 −0.2 −0.8 0.4

End-S 1.02 0.04 Mid-S vs. End-S 0.1 0.04 0.1 ≤0.001 * 1.8 1.1 2.6

wTM (AU)

Ear-S 3.72 0.59 Ear-S vs. Mid-S 1.4 1.0 1.8 ≤0.001 * 1.9 1.2 2.7

Mid-S 5.12 0.73 Ear-S vs. End-S 0.6 0.003 1.3 0.102 0.6 −0.04 1.2

End-S 4.36 1.27 Mid-S vs. End-S −0.8 −1.4 −0.1 0.049 * −0.7 −1.3 −0.04

wTS (AU)

Ear-S 5429.9 791.5 Ear-S vs. Mid-S 976.6 341.6 1611.6 0.001 * 0.9 0.3 1.6

Mid-S 6406.5 1158.2 Ear-S vs. End-S −214.4 −1031.8 603.0 <0.999 −0.2 −0.8 0.5

End-S 5215.5 1623.0 Mid-S vs. End-S −1191.0 −2093.6 −288.4 0.032 * −0.8 −1.4 −0.1

AU, arbitrary units; CI, confidence interval; wAWL, weekly acute workload in AU; wCWL, weekly chronic workload in AU; wACWLR, weekly acute/chronic workload ratio in AU; wTM, weekly training
monotony in AU; wTS, weekly training strain in AU; Ear-S, early-season period; Mid-S, mid-season period; End-S, end-season period; p, p-value set at alpha level 0.05; Hedges’s g (95% CI), Hedges’s g effect size
magnitude with 95% confidence interval. * Significant differences are present (p ≤ 0.05).
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4. Discussion

The objectives of this study were describing the daily TL and s-RPE over a competition
season and analyzing differences of wAWL, wCWL, wACWR, wTM, and wTS among
early-, mid-, and end-season and playing position over the full season. Furthermore, it
was aimed at comparing TL variables over competition periods featuring a whole U-14
team, whose players were at age of PHV. Monitoring TL in youth elite soccer players is a
relevant issue, because an excess of it can harm their musculoskeletal system health. The
main findings are as follows.

Firstly, the TL and s-RPE lowest values occurred during the 17th and 66th session,
respectively, whereas both variables’ highest values occurred during the 49th session (in
mid-season). Interestingly, there was a wAWL and wCWL decrease for all playing positions
from early- to mid- and end-season, but the wCWL change that resulted was significant
only from the early- to mid-season. In addition, for all playing positions but ST, there was
a considerable wTM increase from early- to mid-season. Furthermore, when compared
with all other playing positions in terms of wAWL and wCWL, WM showed meaningfully
greater values. Finally, it was found that throughout the season periods, all workload
indicators showed a considerable reduction, although there was a significant increase
in the three other workload-derived variables, and namely: (i) wACWLR, from mid- to
end-season; (ii) wTM, from early- to mid- and end-season; and (iii) wTS, from early- to
mid-season.

It has been suggested that the RPE increase occurring throughout an intermittent
work protocol may be caused by an increased contribution of anaerobic energy mecha-
nisms [41]. It is worth mentioning that the risk of injury in athletes—including harming
their musculoskeletal system health—has been found to be associated with high training
loads [42] besides high wTS (>6000 AU), wTM (≈2 AU), and wACWLR (>1.5 AU) [43].
Blanch et al. [44] proved that an accumulated workload could predict wACWLR and its
variation throughout a competition season. Such an index seems to be relatively pertaining
to period of season for athletes [45].

According to Nobari et al. [46], the highest wAWL and wCWL reduction occur in
the early- and mid-season, respectively. This is in line with our findings that showed a
significant wCWL decrease in the mid-season. Likewise, it is supposed that the higher
wTM and wTS variability in the mid-season could be due to players’ preference of higher
loads to get motivated during that period of the competition season [45]. In line with the
literature, higher wTS demonstrated an imposed greater acute load with small weekly
fluctuations in the mid-season [47]. There has been found a 10.5 AU of accumulated wTM
over 20 weeks of competition season [32]. In addition, it has been shown that wTM > 2.0
could indicate low load variation and high injury risk [12]. In agreement with the present
study, it has been found that the maximum TL over a full competition season is achieved
on match days, whereas the highest wTS is shown in the mid-season [26].

In spite of the findings of this study, it has some limitations. Firstly, despite the use of
a validated method to assess the maturation state of players [48], such an analysis could be
performed more in depth. Therefore, it is suggested in future studies to consider biological
aspects of maturation and/or X-ray test assessments for identifying maturity status in
terms of skeletal age. Secondly, psychological factors could also affect the here-investigated
indices, since U-14 players are probably prone to get affected by stress. Therefore, it would
be remarkable if psychological strains would be evaluated along with TL monitoring.
Thirdly, it is suggested to consider external load (e.g., Player LoadTM and acceleration-
estimated metabolic cost [5,49]) in this age group monitoring by utilizing some devices
such as wearable inertial monitoring units or electronic performance tracking systems.
Finally, along with the higher TLs detected in the early- and mid-season, specific health
(e.g., injury rate and well-being indices such as Hooper Index [50]) and (further) fitness
(e.g., mid- and end-season VO2max) variables could be assessed.

As for practical implications, it would be notable to mention that monitoring TL and
related indices, especially over the competition season, when much pressure is imposed
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on players, is paramount and can provide coaches with a full view of the needs of players
and the strengths and weaknesses of the training program. In this way, risk of injury is
reduced especially in U-14s, who are in a maturation phase particularly regarding their
musculoskeletal system, and improvements are operated to the team’s future training
programs that in turn may lead to greater success.

5. Conclusions

The present study aimed at investigating fluctuations of TL variables in elite U-14
soccer players considering their playing positions over a competition season divided in
macrocycles (early- to mid- to end-season). In this study, TL was assessed over time and
for all playing positions. It was shown that in the mid-season, wTM and wTS were higher,
and among all playing positions, WM achieved the meaningfully highest values of AWL
and CWL. The present study could be considered a fully comprehensive research that can
provide coaches of soccer teams with information to prevent overtraining and injury—in
particular to their musculoskeletal system—under the fluctuations of training load over
the competition season.

Author Contributions: Conceptualization, H.N., M.K., S.M.K., J.P.-G. and L.P.A.; methodology, H.N.,
M.K. and J.P.-G.; software, H.N. and J.P.-G.; formal analysis, H.N. and M.K.; investigation, J.P.-G. and
H.N; writing—original draft preparation, H.N., S.M.K. and J.P.-G.; writing—review and editing, H.N.,
S.M.K., J.P.-G. and L.P.A. 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 was conducted according to the guidelines of
the Declaration of Helsinki and approved by the Ethics Committee of the Sport Sciences Research
Institute (IR.SSRC.REC.1399.060).

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

Data Availability Statement: The data presented in this study are available on request from the
corresponding authors.

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

References
1. Draganidis, D.; Chatzinikolaou, A.; Jamurtas, T.; Barbero, J.C.; Tsoukas, D.; Theodorou, A.; Margonis, K.; Michailidis, Y.; Avloniti,

A.; Theodorou, A.; et al. The time-frame of acute resistance exercise effects on football skill performance: The impact of exercise
intensity. J. Sports Sci. 2013, 31, 714–722. [CrossRef]

2. Ehrmann, F.E.; Duncan, C.S.; Sindhusake, D.; Franzsen, W.N.; Greene, D. GPS and Injury Prevention in Professional Soccer. J.
Strength Cond. Res. 2016, 30, 360–367. [CrossRef] [PubMed]

3. Impellizzeri, F.M.; Marcora, S.M.; Coutts, A.J. Internal and External Training Load: 15 Years On. Int. J. Sports Physiol. Perform.
2019, 14, 270–273. [CrossRef] [PubMed]

4. Impellizzeri, F.; Rampinini, E.; Marcora, S. Physiological assessment of aerobic training in soccer. J. Sports Sci. 2005, 23, 583–592.
[CrossRef] [PubMed]

5. Vanrenterghem, J.; Nedergaard, N.J.; Robinson, M.A.; Drust, B. Training Load Monitoring in Team Sports: A Novel Framework
Separating Physiological and Biomechanical Load-Adaptation Pathways. Sports Med. 2017, 47, 2135–2142. [CrossRef] [PubMed]

6. Verheul, J.; Nedergaard, N.J.; Vanrenterghem, J.; Robinson, M.A. Measuring biomechanical loads in team sports–from lab to field.
Sci. Med. Footb. 2020, 4, 246–252. [CrossRef]

7. Osgnach, C.; Poser, S.; Bernardini, R.; Rinaldo, R.; di Prampero, P.E. Energy cost and metabolic power in elite soccer: A new
match analysis approach. Med. Sci. Sports Exerc. 2010, 42, 170–178. [CrossRef]

8. Charlot, K.; Zongo, P.; Leicht, A.S.; Hue, O.; Galy, O. Intensity, recovery kinetics and well-being indices are not altered during an
official FIFA futsal tournament in Oceanian players. J. Sports Sci. 2016, 34, 379–388. [CrossRef]

9. Gaudino, P.; Iaia, F.M.; Strudwick, A.J.; Hawkins, R.D.; Alberti, G.; Atkinson, G.; Gregson, W. Factors Influencing Perception
of Effort (Session Rating of Perceived Exertion) during Elite Soccer Training. Int. J. Sports Physiol. Perform. 2015, 10, 860–864.
[CrossRef]

10. Haddad, M.; Stylianides, G.; Djaoui, L.; Dellal, A.; Chamari, K. Session-RPE Method for Training Load Monitoring: Validity,
Ecological Usefulness, and Influencing Factors. Front. Neurosci. 2017, 11, 612. [CrossRef]

http://doi.org/10.1080/02640414.2012.746725
http://doi.org/10.1519/JSC.0000000000001093
http://www.ncbi.nlm.nih.gov/pubmed/26200191
http://doi.org/10.1123/ijspp.2018-0935
http://www.ncbi.nlm.nih.gov/pubmed/30614348
http://doi.org/10.1080/02640410400021278
http://www.ncbi.nlm.nih.gov/pubmed/16195007
http://doi.org/10.1007/s40279-017-0714-2
http://www.ncbi.nlm.nih.gov/pubmed/28283992
http://doi.org/10.1080/24733938.2019.1709654
http://doi.org/10.1249/MSS.0b013e3181ae5cfd
http://doi.org/10.1080/02640414.2015.1056822
http://doi.org/10.1123/ijspp.2014-0518
http://doi.org/10.3389/fnins.2017.00612


Healthcare 2021, 9, 1418 12 of 13

11. Clemente, F.M.; Mendes, B.; Bredt, S.D.G.T.; Praça, G.M.; Silvério, A.; Carriço, S.; Duarte, E. Perceived Training Load, Muscle
Soreness, Stress, Fatigue, and Sleep Quality in Professional Basketball: A Full Season Study. J. Hum. Kinet. 2019, 67, 199–207.
[CrossRef]

12. Foster, C. Monitoring training in athletes with reference to overtraining syndrome. Med. Sci. Sports Exerc. 1998, 30, 1164–1168.
[CrossRef]

13. Impellizzeri, F.M.; Rampinini, E.; Coutts, A.J.; Sassi, A.; Marcora, S.M. Use of RPE-Based Training Load in Soccer. Med. Sci. Sports
Exerc. 2004, 36, 1042–1047. [CrossRef] [PubMed]

14. Nobari, H.; Aquino, R.; Clemente, F.M.; Khalafi, M.; Adsuar, J.C.; Pérez-Gómez, J. Description of acute and chronic load, training
monotony and strain over a season and its relationships with well-being status: A study in elite under-16 soccer players. Physiol.
Behav. 2020, 225, 113117. [CrossRef]

15. Bloomfield, J.; Polman, R.; O’Donoghue, P. Physical Demands of Different Positions in FA Premier League Soccer. J. Sports Sci.
Med. 2007, 6, 63–70.

16. Wong, P.-L.; Chamari, K.; Dellal, A.; Wisløff, U. Relationship Between Anthropometric and Physiological Characteristics in Youth
Soccer Players. J. Strength Cond. Res. 2009, 23, 1204–1210. [CrossRef] [PubMed]

17. Kalapotharakos, I.V.; Ziogas, G.; Tokmakidis, S.P. Seasonal Aerobic Performance Variations in Elite Soccer Players. J. Strength
Cond. Res. 2011, 25, 1502–1507. [CrossRef] [PubMed]

18. Clemente, F.M.; Nikolaidis, P.; Rosemann, T.; Knechtle, B. Dose-Response Relationship Between External Load Variables, Body
Composition, and Fitness Variables in Professional Soccer Players. Front. Physiol. 2019, 10, 443. [CrossRef] [PubMed]

19. Murray, N.B.; Gabbett, T.J.; Townshend, A.; Hulin, B.T.; McLellan, C.P. Individual and combined effects of acute and chronic
running loads on injury risk in elite Australian footballers. Scand. J. Med. Sci. Sports 2016, 27, 990–998. [CrossRef]

20. Gabbett, T.J. The training—Injury prevention paradox: Should athletes be training smarter and harder? Br. J. Sports Med. 2016, 50,
273–280. [CrossRef]

21. Jeong, T.-S.; Reilly, T.; Morton, J.; Bae, S.W.; Drust, B. Quantification of the physiological loading of one week of “pre-season” and
one week of “in-season” training in professional soccer players. J. Sports Sci. 2011, 29, 1161–1166. [CrossRef]

22. Scott, T.J.; Black, C.R.; Quinn, J.; Coutts, A.J. Validity and reliability of the session-RPE method for quantifying training in
Australian football: A comparison of the CR10 and CR100 scales. J. Strength Cond. Res. 2013, 27, 270–276. [CrossRef]

23. Casamichana, D.; Castellano, J.; Calleja-Gonzalez, J.; Román, J.S.; Castagna, C. Relationship Between Indicators of Training Load
in Soccer Players. J. Strength Cond. Res. 2013, 27, 369–374. [CrossRef]

24. Malone, J.J.; Di Michele, R.; Morgans, R.; Burgess, D.; Morton, J.P.; Drust, B. Seasonal Training-Load Quantification in Elite
English Premier League Soccer Players. Int. J. Sports Physiol. Perform. 2015, 10, 489–497. [CrossRef] [PubMed]

25. Ritchie, D.; Hopkins, W.G.; Buchheit, M.; Cordy, J.; Bartlett, J.D. Quantification of Training and Competition Load Across a Season
in an Elite Australian Football Club. Int. J. Sports Physiol. Perform. 2016, 11, 474–479. [CrossRef] [PubMed]

26. Nobari, H.; Vahabidelshad, R.; Pérez-Gómez, J.; Ardigò, L.P. Variations of Training Workload in Micro- and Meso-Cycles Based
on Position in Elite Young Soccer Players: A Competition Season Study. Front. Physiol. 2021, 12, 529. [CrossRef]

27. Nobari, H.; Barjaste, A.; Haghighi, H.; Clemente, F.M.; Carlos-Vivas, J.; Perez-Gomez, J. Quantification of training and match load
in elite youth soccer players: A full-season study. J. Sports Med. Phys. Fit. 2021. [CrossRef]

28. Nobari, H.; Akyildiz, Z.; Fani, M.; Oliveira, R.; Pérez-Gómez, J.; Clemente, F. Weekly Wellness Variations to Identify Non-
Functional Overreaching Syndrome in Turkish National Youth Wrestlers: A Pilot Study. Sustainability 2021, 13, 4667. [CrossRef]

29. Nobari, H.; Kargarfard, M.; Minasian, V.; Cholewa, J.M.; Pérez-Gómez, J. The effects of 14-week betaine supplementation on
endocrine markers, body composition and anthropo-metrics in professional youth soccer players: A double blind, randomized,
placebo-controlled trial. J. Int. Soc. Sports Nutr. 2021, 18, 1–10.

30. Nobari, H.; Fani, M.; Clemente, F.M.; Carlos-Vivas, J.; Pérez-Gómez, J.; Ardigò, L.P. Intra- and Inter-week Variations of Well-Being
Across a Season: A Cohort Study in Elite Youth Male Soccer Players. Front. Psychol. 2021, 12, 12. [CrossRef]

31. Lloyd, R.S.; Oliver, J.L. The youth physical development model: A new approach to long-term athletic development. Strength
Cond. J. 2012, 34, 61–72. [CrossRef]

32. Nobari, H.; Polito, L.F.T.; Clemente, F.M.; Pérez-Gómez, J.; Ahmadi, M.; Garcia-Gordillo, M. Ángel; Silva, A.F.; Adsuar, J.C.
Relationships Between Training Workload Parameters with Variations in Anaerobic Power and Change of Direction Status in
Elite Youth Soccer Players. Int. J. Environ. Res. Public Health 2020, 17, 7934. [CrossRef] [PubMed]

33. Foster, C.; Florhaug, J.A.; Franklin, J.; Gottschall, L.; Hrovatin, L.A.; Parker, S.; Doleshal, P.; Dodge, C. A new approach to
monitoring exercise training. J. Strength Cond. Res. 2001, 15, 109–115.

34. Nobari, H.; Castillo, D.; Clemente, F.M.; Carlos-Vivas, J.; Pérez-Gómez, J. Acute, chronic and acute/chronic ratio between starters
and non-starters professional soccer players across a competitive season. Proc. Inst. Mech. Eng. Part P J. Sports Eng. Technol. 2021.
[CrossRef]

35. Nobari, H.; Praça, G.M.; Clemente, F.M.; Pérez-Gómez, J.; Vivas, J.C.; Ahmadi, M. Comparisons of new body load and metabolic
power average workload indices between starters and non-starters: A full-season study in professional soccer players. Proc. Inst.
Mech. Eng. Part P J. Sports Eng. Technol. 2021, 235, 105–113. [CrossRef]

36. Buchheit, M. The 30–15 intermittent fitness test: 10 year review. Myorobie J. 2010, 1, 278.
37. Mirwald, R.L.; Baxter-Jones, A.D.; Bailey, D.A.; Beunen, G.P. An assessment of maturity from anthropometric measurements.

Med. Sci. Sports Exerc. 2002, 34, 689–694.

http://doi.org/10.2478/hukin-2019-0002
http://doi.org/10.1097/00005768-199807000-00023
http://doi.org/10.1249/01.MSS.0000128199.23901.2F
http://www.ncbi.nlm.nih.gov/pubmed/15179175
http://doi.org/10.1016/j.physbeh.2020.113117
http://doi.org/10.1519/JSC.0b013e31819f1e52
http://www.ncbi.nlm.nih.gov/pubmed/19528844
http://doi.org/10.1519/JSC.0b013e3181da85a9
http://www.ncbi.nlm.nih.gov/pubmed/21427609
http://doi.org/10.3389/fphys.2019.00443
http://www.ncbi.nlm.nih.gov/pubmed/31057425
http://doi.org/10.1111/sms.12719
http://doi.org/10.1136/bjsports-2015-095788
http://doi.org/10.1080/02640414.2011.583671
http://doi.org/10.1519/JSC.0b013e3182541d2e
http://doi.org/10.1519/JSC.0b013e3182548af1
http://doi.org/10.1123/ijspp.2014-0352
http://www.ncbi.nlm.nih.gov/pubmed/25393111
http://doi.org/10.1123/ijspp.2015-0294
http://www.ncbi.nlm.nih.gov/pubmed/26355304
http://doi.org/10.3389/fphys.2021.668145
http://doi.org/10.23736/s0022-4707.21.12236-4
http://doi.org/10.3390/su13094667
http://doi.org/10.3389/fpsyg.2021.671072
http://doi.org/10.1519/SSC.0b013e31825760ea
http://doi.org/10.3390/ijerph17217934
http://www.ncbi.nlm.nih.gov/pubmed/33138002
http://doi.org/10.1177/17543371211016594
http://doi.org/10.1177/1754337120974873


Healthcare 2021, 9, 1418 13 of 13

38. Slaughter, M.H.; Lohman, T.G.; Boileau, R.A.; Horswill, C.A.; Stillman, R.J.; Van Loan, M.D.; Bemben, D.A. Skinfold equations for
estimation of body fatness in children and youth. Hum. Biol. 1988, 60, 709–723.

39. Arazi, H.; Mirzaei, B.; Nobari, H. Anthropometric profile, body composition and somatotyping of national Iranian cross-country
runners. Turk. J. Sport Exerc. 2015, 17, 35. [CrossRef]

40. Hopkins, W.; Marshall, S.; Batterham, A.; Hanin, J. Progressive Statistics for Studies in Sports Medicine and Exercise Science. Med.
Sci. Sports Exerc. 2009, 41, 3–13. [CrossRef]

41. Drust, B.; Reilly, T.; Cable, N. Physiological responses to laboratory-based soccer-specific intermittent and continuous exercise. J.
Sports Sci. 2000, 18, 885–892. [CrossRef]

42. Schwellnus, M.; Soligard, T.; Alonso, J.-M.; Bahr, R.; Clarsen, B.; Dijkstra, H.P.; Gabbett, T.J.; Gleeson, M.; Hägglund, M.;
Hutchinson, M.R.; et al. How much is too much? (Part 2) International Olympic Committee consensus statement on load in sport
and risk of illness. Br. J. Sports Med. 2016, 50, 1043–1052. [CrossRef]

43. Hulin, B.T.; Gabbett, T.J.; Blanch, P.; Chapman, P.; Bailey, D.; Orchard, J.W. Spikes in acute workload are associated with increased
injury risk in elite cricket fast bowlers. Br. J. Sports Med. 2014, 48, 708–712. [CrossRef] [PubMed]

44. Blanch, P.; Gabbett, T.J. Has the athlete trained enough to return to play safely? The acute: Chronic workload ratio permits
clinicians to quantify a player’s risk of subsequent injury. Br. J. Sports Med. 2016, 50, 471–475. [CrossRef]

45. Buchheit, M. Applying the acute: Chronic workload ratio in elite football: Worth the effort? Br. J. Sports Med. 2017, 51, 1325–1327.
[CrossRef] [PubMed]

46. Nobari, H.; Alves, A.; Haghighi, H.; Clemente, F.; Carlos-Vivas, J.; Pérez-Gómez, J.; Ardigò, L. Association between Training Load
and Well-Being Measures in Young Soccer Players during a Season. Int. J. Environ. Res. Public Health 2021, 18, 4451. [CrossRef]
[PubMed]

47. Clemente, F.M.; Silva, R.; Castillo, D.; Arcos, A.L.; Mendes, B.; Afonso, J. Weekly Load Variations of Distance-Based Variables in
Professional Soccer Players: A Full-Season Study. Int. J. Environ. Res. Public Health 2020, 17, 3300. [CrossRef] [PubMed]

48. Nobari, H.; Silva, A.F.; Clemente, F.M.; Siahkouhian, M.; García-Gordillo, M.Á.; Adsuar, J.C.; Pérez-Gómez, J. Analysis of Fitness
Status Variations of Under-16 Soccer Players Over a Season and Their Relationships with Maturational Status and Training Load.
Front. Physiol. 2021, 11, 1840. [CrossRef]

49. Ardigò, L.P.; Padulo, J.; Zuliani, A.; Capelli, C. A low-cost method for estimating energy expenditure during soccer refereeing. J.
Sports Sci. 2015, 33, 1–6. [CrossRef]

50. Hooper, S.L.; MacKinnon, L.T. Monitoring Overtraining in Athletes. Sports Med. 1995, 20, 321–327. [CrossRef]

http://doi.org/10.15314/tjse.49873
http://doi.org/10.1249/MSS.0b013e31818cb278
http://doi.org/10.1080/026404100750017814
http://doi.org/10.1136/bjsports-2016-096572
http://doi.org/10.1136/bjsports-2013-092524
http://www.ncbi.nlm.nih.gov/pubmed/23962877
http://doi.org/10.1136/bjsports-2015-095445
http://doi.org/10.1136/bjsports-2016-097017
http://www.ncbi.nlm.nih.gov/pubmed/27852586
http://doi.org/10.3390/ijerph18094451
http://www.ncbi.nlm.nih.gov/pubmed/33922250
http://doi.org/10.3390/ijerph17093300
http://www.ncbi.nlm.nih.gov/pubmed/32397398
http://doi.org/10.3389/fphys.2020.597697
http://doi.org/10.1080/02640414.2015.1015150
http://doi.org/10.2165/00007256-199520050-00003

	Introduction 
	Methods and Material 
	Participants 
	Sample Size 
	Experimental Approach to the Problem 
	Measurements 
	Anthropometric and Body Composition 
	Aerobic Power Test 
	Monitoring Internal Training Workloads 
	Training Workload Calculation 

	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 
	References

