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ABSTRACT: This study examined the effects of a six-week preparatory training program on physical performance
and physiological adaptations in junior soccer players. Additionally, we investigated whether a relationship
existed between external and internal loads. Youth soccer players (aged 16 years old) from a youth football
academy participated in six weeks of pre-conditioning training. Wireless Polar Team Pro and Polar heart rate
sensors (H10) were used to monitor physical performance indicators (sprint and acceleration scores, covered
distance, maximum and average speed and duration), physiological responses (maximum and average heart
rate [HR] and R-R interval, time in HR zones 445, and heart rate variability [HRV]), and training load score.
Additionally, muscle status and rating of perceived exertion (RPE) scores were measured using digital questionnaires.
Significant increases were observed in the majority of physical performance indicators [i.e., sprints (p = 0.015,
ES = 1.02), acceleration (p = 0.014, ES = 1), total distance (p = 0.02, ES = 0.87), as well as maximum speed
(p = 0.02, ES = 0.87)]. A trend towards improvement was observed in the remaining performance indicators
(i.e., distance/min and avg speed; ES = 0.6), training load (ES = 0.2), muscle status (ES = 0.3)), and all
physiological responses parameters (ES = 0.1 to 0.6). Significant correlations were found between the majority
of external load parameters (i.e., performance indicators) and objective (i.e., physiological responses) and
subjective (i.e., RPE, muscle status) internal load parameters (p < 0.001). The highest number of moderate-
large correlations were registered between performance indicators and time in HR zone 445 (0.58 < r < 0.82),
training load (0.53 < r < 0.83), average HR (0.50 < r < 0.87), maximal HR (0.51 < r < 0.54) and average
R-R interval (0.58 < r < 0.76). HR zone 445, average and maximal HR, average R-R interval, and training
load score may help control training parameters and reduce the risk of under- or over-training in youth soccer
players. However, these conclusions should be confirmed and replicated in future studies with more diverse
subject populations.

CITATION: Lechner S, Ammar A, Trabelsi K et al. Monitoring training load in youth soccer players: effects of
a six-week preparatory training program and the association between external and internal loads.

Biol Sport. 2023;40(1):63-75.

Received: 2021-10-19; Reviewed: 2021-11-06; Re-submitted: 2021-11-08; Accepted: 2021-11-13; Published: 2022-01-03.

Corresponding author:

Achraf Ammar

Department of Sport

and technology, Institut Il:
Philologien, Philosophie,
Sportwissenschaft,
Otto-von-Guericke University
Magdeburg, ZschokkestraBe 32,
39104 Magdeburg, Germany,
Phone: +49 391 6757395,
E-mail: ammar.achraf@ymail.
com

ORCID:
Achraf Ammar
0000-0003-0347-8053

Omar Boukhris
0000-0002-2861-0164

Khaled Trabelsi
0000-0003-2623-9557

Jordan M Glenn
0000-0002-2563-4291

Omar Hammouda
0000-0002-5002-687X

Piotr Zmijewski
0000-0002-5570-9573

Hamdi Chtourou
0000-0002-5482-9151

Tarak Driss
0000-0001-6109-7393

Key words:

Youth football
External parameters
Internal parameters
Training monitoring

u BioLogy oF SPorT, VoL. 40 Nol, 2023 63



INTRODUCTIO/N 15—
Soccer is one of the most popular sports in the world, and top-level
performance depends on physical fitness, psychological factors, tech-
nical skills, and team tactics [1]. In order to best prepare players to
perform well during a match, while reducing risk of injury, training
load is often recorded and monitored [2]. It is important to measure
the physical loads applied to each player (e.g., distance covered,
accelerations), and the subsequent physiological response, such as
heart rate (HR) or subjective level of effort. This difference between
these parameters is referred to as external and internal load [3-5];
there are numerous parameters for both external and internal load
that are used in training management.

Recording the loads in soccer is often completed via the moni-
toring of training. “Training monitoring” is the systematic collection
of data describing the amount, intensity, or content of the train-
ing [6], and is considered an effective method for training con-
trol [7]. Furthermore, training control is the visualization and ob-
jectification of a training process using appropriate performance
parameters and technical instruments [6]. Training control allows
the trainer to compare planning and performance, with specific
regard to the athlete’s age, gender and performance level [6]. Based
on training monitoring’s data, it is decided daily whether an athlete
is ready for training or competition in order to create an optimal
balance between load and recovery, which is essential for improv-
ing athletic performance [8].

In addition, periodization is used to optimize load manage-
ment [9, 10]. Weekly periodization occurs when players experience
varied training loads on different training days; over a longer period
the load is steadily increased over three weeks, reduced in the fourth
week, and then subsequently increased again [11]. The reduction
during the 4™ week, is referred to as tapering and increases game
readiness [12, 13]. During the preparation phase, a gradual increase
of the training load has been shown to reduce the risk of injury, while
maintaining or even increasing performance throughout the sea-
son [11].

It is already established that there is a relationship between ex-
ternal and internal stress parameters [14, 15] as well as between
objective and subjective internal exertion parameters [4]. In particu-
lar, significant correlations exist between athletes’ rating of perceived
exertion (RPE) and different external (e.g., covered distance, speed,
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acceleration) and internal (e.g., HR) load parameters [14, 15]. These
data suggest both external and internal load measurements should
be considered for training management [15]. However, most of these
studies have primarily examined the effects of soccer training pro-
grams on external and/or internal load, as well as the possible rela-
tionship between internal and external loads, among adult profes-
sional soccer players. A paucity of data is available in youth athletes,
who require special consideration given that they not only train for
soccer, but go to school during the week. Therefore, we investigated
whether a six-week preparation phase increases physical performance
and generates physiological adaptations in junior soccer players.
Furthermore, we examined the relationship between external and
internal stress parameters.

MATERIALS AND METHOD'S 1
An observational study was carried out to evaluate the development
of subjective and objective load parameters in youth soccer players
(i.e., 16 years old) following a six-week preparation phase. The
Polar Team Pro GPS system from Polar Electro GmbH (Biittelborn,
Germany) and a Wellness-Questionnaire from the Science on Field
GmbH in Leipzig were used to measure load parameters. Data were
collected in the first week of the preparation phase and again six
weeks later, during the first week of the competitive phase during
the 2020/2021 season. Both test sessions were part of the training
program and were programmed on the same day of the week (Tues-
day) and the same time of the day (afternoon) to minimize the effect
of diurnal biological variations [16-18]. Tuesday was chosen as the
control day in each case, as the soccer conditioning training took
place on this day in both weeks (see Figure 1).

Participants
A total of 19 soccer players from a U17 junior training centre were
recruited to participate in the present study. Due to the Covid-19
pandemic and the associated restrictions as well as illnesses and/or
injuries, 10 participants poorly adhered to the training program and
were excluded. At the end of the study period, data from nine male
players (age: 16 years old) were analysed and included in the final
results.

After providing a detailed explanation about the study aims, design,
and benefits, written informed consent was obtained from the parents.

. Week 5 ) | Week7

]
-~ -Monday

-Thursday
-Friday

-Thursday
-Friday

- Thursday
- Friday

[ .Monday .Monday " -Monday -Monday
-Tuesday -Tuesday -Tuesday -Tuesday - Tuesday

-Thursday [POST-Test)

-Friday

FIG. 1. Schedule of the data collection during six-week football training. Prep: Preparation phase; Comp: competition phase.
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The protocol was approved by the local review board and the study
was conducted according to the declaration of Helsinki.

The six-week preparatory training program

Participants reported to the sport club four times per week (i.e.,
Monday, Tuesday, Thursday and Friday) to complete their assigned
training program with a game scheduled each weekend. In the first
two weeks, the focus was on ball possession with high volume and
low intensity to improve football fitness [11]. On the third week, the
focus was on losing the ball. Then, on the fourth week more

defending exercises were programmed with a simultaneous increase
in intensity and decrease in volume. The last two weeks training
program focused on winning the ball with continuing increase in
intensity and decrease in volume [11]. This set-up aims to progres-
sively involve the players in high intensity exercises in order to improve
their ability to perform more football-specific actions per minute with
reduced risk of injury [11]. All training sessions consisted of football-
based games, which, by changing the number of players, size of the
pitch and work-rest ratio, targeted different training goals [11].

TABLE 1. Selected physical performance and heart rate data from the Polar team

Physical Performance parameters

Sprint score

Acceleration score

Total distance (m)
Distance / min (m/min)
Maximum speed (km/h)
Average speed (km/h)
Duration (min)

A sprint is counted as a sprint when the player reaches an acceleration of 2.8 m/s? regardless
of the duration or distance of the sprint

Summary of the number of negative and positive accelerations from 2 m/s® in a training session
Total distance during the training session. (in meters).

Average distance per minute during the training session. (in meters).

Maximum speed during the training session. (kilometre/hour)

Average speed during the training session. (kilometre/hour)

Total training duration in min, starts with entering and ends with leaving the court

Physiological parameters

Maximal heart rate (HRmax)

Maximal heart rate during the training session calculated as “beat/minute” and as % of the
maximal heart rate (% HR max).

Average heart rate (HRavg)

Average heart rate during the training session calculated as “beat/minute” and as % of the
maximal heart rate (% HR max).

Average RR interval (Avg RR)

Average beat-to-beat interval during the training session (millisecond). An increase over time
means that fitness is improving.

Maximum RR interval (Max RR)

Maximum time between successive heartbeats (beat-to-beat interval) recorded during the training
session (milliseconds).

HRV (RMSSD)

The root mean square of successive differences between normal heartbeats (RMSSD) is obtained
by first calculating each successive time difference between heartbeats in milliseconds. Each of
the values is then squared and the result is averaged before the square root of the total is
obtained. The RMSSD reflects the beat-to-beat variance in heart rate and reflects short-term
heart rate variability HRV [19]. High HRV is related to improved health and indicates that the
heart is functioning well, and that the autonomic nervous system is adapting to the demands
placed on it [20].

Time in HR zone 1
Time in HR zone 2
Time in HR zone 3
Time in HR zone 4
Time in HR zone 5

Heart rate (HR) zones are a way to monitor how the training intensity is. There are five heart
rate zones based on the intensity of training with regard to the maximum heart rate. The % of
the maximum heart rate in each zone are as following: Zone 1: 50-60%, Zone 2: 60-70%,
Zone 3: 70-80%, Zone 4: 80-90%, Zone 5: 90-100% [21]. In the present paper, the time in
heart rate zone 4 and 5 was added, because these two zones run in anaerobic energy supply

Training Load

Training load score

Training Load includes textual feedback on the strenuousness of a single training session. It is
based on intensity and duration of a training session with the intensity of a session is measured
using HR and the calculation is further affected by personal information, such as age, sex, weight,
VO,,..x, and training history. As participant’s fitness improves, same training session creates less
training load (Polar).
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Measurements

The wireless Polar Team Pro was used for this investigation. Sprint
score, acceleration score, total distance, distance/min, maximum
speed, average speed, and duration were examined as physical per-
formance parameters; maximal HR, average HR, average R-R inter-
val, maximal R-R interval, heart rate variability (HRV), and time in
heart rate zones 4+5 were examined as physiological parameters.
Training load score was also examined using this system.

The sensors of the system include an integrated GPS (measures
at 10 Hz), a 10 Hz MEMS motion sensor, a 200 Hz accelerometer,
and a sensor to measure the HR [21]. These sensors are attached
to a chest strap, which is placed on the xiphoid process of the ster-
num with the chest strap fitted around the participant’s chest [22].
The Polar chest strap has been previously validated against the elec-
trocardiogram gold standard and collects and processes HR measure-
ments by detecting the electrical signals of the heart [23].

Each player received a sensor from Polar before the training ses-
sion, which they wore for the entirety of the training session [24].
Each player received the same sensor on all training days to reduce
measurement error [25, 26]. Table 1 shows detailed descriptions of
the physical performance and HR parameters selected from the Po-
lar Team Pro system.

The Wellness-Questionnaire was collected with the help of a web-
app especially developed for this club. This application was developed
by Science on Field GmbH in Leipzig and is based on a simple
questionnaire system in which the players answer ten wellness ques-
tions on a 0-10 scale each morning.

The questionnaire contained 10 questions. The following questions
were relevant for this study: “How is your muscle status today?” and
“How was the training intensity the day before? The question “How
was the training intensity on the previous day” corresponds to the
question about the RPE from the previous day’s training. The authors
of this paper did not have access to the data of all other eight ques-
tions of the application, as these are subject to the data protection
of the junior training centre.

After each training session, the current muscle condition and
training intensity of the previous day was recorded using the afore-
mentioned web app. Players were required to complete the survey
by 12:00h.

Statistical Analysis
Data are presented as mean + standard deviation (SD) and were
analyzed using the Jamovi software (1.8.1, https://www.jamovi.org/).
Descriptive statistics (mean = SD) was calculated for muscle status,
training intensity of the day before, number of sprints, accelerations,
total distance, distance/min, maximum speed, average speed, dura-
tion, maximal HR, average HR, time spent in 80-100% the maximum
HR, and the training load.

For the six-week training period, the Shapiro-Wilk test was used
to assess data normality. Paired t-tests were performed to compare
normally distributed data collected during the first vs. the second
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test session and Wilcoxon test was performed for non-normal distri-
bution. Also, mean difference with 95% Confidence Interval (95%Cl)
and the effect size using Cohen"s d with 95%Cl was calculated and
interpreted as follows: < 0.2 as trivial, 0.20-0.59 as small,
0.60-1.19 as moderate, 1.20-1.99 as large and > 2.0 as very
large [27].

For correlations, the normality of the pooled values of all training
units over the six weeks was checked with the Shapiro-Wilk test.
Pearson correlation was performed for bi-normally distributed data
and Spearman correlation was performed for non-normal distribution.
The Rho-value was calculated as the Pearson’s and Spearman'’s
correlation effect size and interpreted as < 0.1 — trivial; 0.10 to
0.29 —small; 0.30 to 0.49 — moderate; 0.50 to 0.69 - large; 0.70
to 0.89 - very large; > 0.90 — nearly perfect [27]. Significance for
all analyses was accepted at the level of p < 0.05.

In order to calculate the gain or decrease over the six-week prep-
aration period, difference scores (A) from PRE- (T1) to POST- (T2)
test session (A = T2-T1) were calculated for all parameters. Addi-
tionally, based on tests and re-tests [28], the standard error of mea-
surement (SEM) was established for HR- and HRV-related param-
eters, as well as for physical performance and strenuousness
indicators, as previously described [29, 30]. Two times the SEM is
considered the threshold for a true physiological adaptation beyond
what would be expected from technical and/or biological variabili-
ty [30, 31]. Therefore, responsiveness to the six weeks’ physical
preparation training was defined as changes exceeding two times
the SEM in favor of beneficial changes. The responsiveness threshold
in each selected parameter, as well as the prevalence of responders
and non-responders to training and detraining, have been reported
in the results section.

RE S U LT S 150000000
Table 2 shows the mean and standard deviation of all tested param-
eters measured during the PRE- and POST-test sessions, as well as
the six week’s averaged values.

The effect of six-week preparation period on physical
performances

The values of physical performance parameters at PRE- and POST-
test sessions are presented in Figure 2. Statistical analysis revealed
significantly higher values at POST-test compared to PRE-test for
number of sprints [p = 0.015, ES = 1.02 (moderate), mean differ-
ence = 7 (1.74;12.3)], acceleration score [p = 0.014, ES = 1,
mean difference = 74.1 (53;96.5)], total covered distance [p = 0.02,
ES = 0.87, mean difference = 1573 (191;1878)1, and maximum
speed [p = 0.02, ES = 0.87, mean difference = 1.4 (0.37;2.85)1.
There were slight, non-significant increases in distance/
min [ES = 0.56, mean difference = 6.5 (-5;9)] and average
speed [ES = 0.6, mean difference = 0.17 (-0.59;0.3)] from PRE- to
POST-test session (p > 0.05).
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FIG. 2. Mean + SD values of a) number of sprints, b) accelerations, c) total distance, d) distance/min, ) maximum speed, and
f) average speed at PRE- and POST-test session, *: significant difference between PRE- and POST-test sessions with p < 0.05; n.s:
means no significant difference between PRE- and POST-test sessions.
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TABLE 2. Mean and standard deviation (SD) of the examined parameters

Development over six weeks

Parameter PRE-test session POST-test session six weeks’ averaged values
Sprint score 19.44 + 593 26.44 + 4.09 12.55 + 8.82
Acceleration score 392.44 + 30.6 458.11 = 47.51 297.11 £ 92.69

Total distance (m)

6847.22 + 286.26

8099.44 = 911.71 4763.21 + 2139.98

Esry;ifnince Distance/min (m/min) 63.67 + 2.58 67.67 + 7.48 51.49 + 16.94
Maximum speed (km/h) 29.29 = 1.27 30.71 £ 1.42 26.24 = 4.13
Average speed (km/h) 4.32 £ 0.2 4.36 = 0.45 4.05 = 1.36
Duration (min) 10742 =0 120.0 = 0 91.72 = 19.59
Maximal heart rate (beats/min) 192.33 + 6.18 199.67 = 17.03 189.11 = 16.97
Maximal heart rate (%) 96.33 = 2.94 100.56 = 7.96 95.25 = 8.29
Average heart rate (beats/min) 151.33 = 5.77 144,56 = 8.93 145.72 = 17.60
Physiological Average heart rate (%) 75.89 + 2.85 73.0 = 4.14 73.52 + 8.79
responses Average RR interval (msec) 404.89 + 16.86 431.22 = 35.23 425.22 + 52.37
Maximum RR interval (msec) 2019.56 * 659.05 2620.67 = 846.01 2369.80 = 781.07
HRV (msec) 9.89 = 4.51 12.0 = 5.83 11.11 = 6.68
Time in heart rate zone 4 + 5 (min) 39.18 = 6.45 37.57 £ 9.10 25.17 = 20.25
Training load score (AU) 192.44 + 25.4 202.11 = 39.73 131.40 + 64.38
Muscle status 6.67 = 1.89 7.0 £ 1.49 7.48 = 1.60
RPE of the previous day 3.89 = 2.02 3.89 = 2.18 5.38 = 2.70

The effect of the six-week preparation period on physiological
responses

Following the six-week preparation period, slight non-significant in-
creases in HRV [p = 0.31, ES = 0.4, mean difference = 3 (-3;7)],
maximal HR [p = 0.22, ES = 0.44, mean difference = 7.33
(-5.41;20.1) and p = 0.14, ES = 0.54, mean difference = 4.22
(-1.79;10.2) when expressed as beats/min and as %, respectively]
and average [p = 0.09, ES = 0.64, mean difference = 26.3
(-5.37;58)] and maximal [p = 0.16, ES = 0.56, mean differ-
ence = 562 (-225;1399)] R-R intervals were measured during the
POST- compared to the PRE-test session. In contrast, a slight non-
significant decrease was registered following the six-week preparation
period for time spent in HR zone 4+5 [p = 0.7, ES = 0.13, mean
difference = -1.62 (-11;7.74)] and the average HR [p = 0.12,
ES = 0.57, mean difference = -6.78 (-15.8;2.26) when expressed
as beats/min and p = 0.17, ES = 0.5, mean difference = -2.89
(-7.33;1.55) when expressed as %]. The values of the physiological
responses are shown in Figure 3.

The effect of the six-week preparation period on training load and
wellness parameters

Statistical analysis showed slight no significant increase in training
load [p = 0.52, ES = 0.23, mean difference = 9.67 (-23;42.4)]
and muscle status [p = 0.345, ES = 0.6; mean difference = 1 (0;1.5)]
from PRE- to POST-test. Additionally, mean values of the RPE of the
previous day were unchanged from PRE- to POST-test [p = 1.00,
ES = 0, mean difference = -0.000042 (-0.5;1)]. The results are
presented in Figure 4.

Responsiveness of the U17 soccer players to the six-week
preparation period

The prevalence of responders and non-responders to the six-week
preparation training period are presented in Table 3. At least 2/3 of
the players have been classified as responders to the beneficial train-
ing adaptation for total distance, average speed, average HR and
HRV, while only 2 of the 9 players responded to the maximal HR
training adaptation. For R-R and load score adaptations, approxi-
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FIG. 4. Mean =+ SD values of a) training load, b) muscle status, and ¢) RPE of the previous day at PRE- and POST-test session. n.s:
means no significant difference between PRE- and POST-test sessions.

TABLE 3. Prevalence of responders and non-responders to training adaptations.

Responsiveness to Training Adaptations

HR HRV Related Parameters Physical Performance and
Participants (bpm) (msec) Strenuousness Indicators
Number HR Avg HR Max Max RR Avg RR (RII;:IZ\SID) Dist-:;t:tla(m) Av(i;;:a)ed Load Score
RT —2.26 -2.01 241.85 22.01 1.3 71.16 0.07 11.9
Responders 6 2 5 5 6 8 7 4
Non-Responders 3 7 4 4 3 1 2 5
Non-responders % 33.33 77.78 44 .44 44 .44 33.33 11.11 22.22 55.56
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FIG. 5. Individual responsiveness scores to six-week training period.
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mately half of the players were not responders. Individual responsive-
ness scores can be found in supplementary materials (Figure 5).

Relationship between external and internal loads in U17 soccer
players
The correlation between the external and internal loads over the six
weeks preparation training period (pooled values) are presented in
Table 4.

The majority of the physiological responses showed a significant
correlation (p < 0.001) with all physical performance indicators,
except acceleration. Importantly, Time in HR zone 445 showed
moderate to large correlations (p < 0.001; 0.58 < r < 0.82) with
all physical performance indicators, except acceleration (trivial cor-
relation); average HR (i.e., beat/min or %) showed moderate to large
correlations (p < 0.001; 0.50 < r < 0.87) with four physical per-
formance indicators; maximal HR (beats/min) as well as average R-R
interval showed moderate to large correlations (p < 0.001;
0.51 < r < 0.76) with two physical performance indicators. How-
ever, maximum R-R interval and HRV showed only trivial (p < 0.001;
0.18 < r < 0.28) or non-significant correlation (r > 0.5) with the
physical performance indicators. It should be also noted that training
load was significantly correlated with all physical performance

Sandra Lechner et al.

indicators and physiological responses with p < 0.001 and r > 0.5
in the majority of these correlations. However, the correlation between
RPE of the previous day and the majority of the physical performance
and physiological responses were only trivial to small (p < 0.001;
0.5 < r < 0.82). Muscle status showed also trivial correlations
(p < 0.001; 0.5 < r < 0.82) or no-significant correlation (r > 0.5)
with the physical performances and physiological responses over the
six weeks training period.

DISCUS SO /N 15
The aim of this study was to examine the effects of a six-week pre-
paratory training on physical performance and physiological adapta-
tions in junior soccer players. Furthermore, it was investigated
whether relationships existed between external and internal loads
and between objective and subjective internal loads in professional
youth soccer players. The main findings included significant increas-
es in the majority of physical performance indicators, and a non-
significant trend towards improvements in training load, muscle
status and all physiological responses parameters. Furthermore, sig-
nificant correlations were found between the majority of external load
parameters (i.e., performance indicators) and objective (i.e., physi-
ological responses) and subjective (i.e., RPE) internal load

TABLE 4. Correlation between external and internal loads when considering pooled values

Training Load, muscle status and RPE

Physiological Response

Variables Training  Muscle  RPEof the Maximal HR Maximal HR Average HR Average HR Average RR Maximum RR Time in heart
. . . . . HRV rate zone
load status  previous day beats/min % beats/min % interval interval 145
Sorint score p <0.001; p=20007; P<000L; p<20.001, p<0.001; p<0.001; p<0.001; p< 000 S p =0.007; p<0.001;
n r=20686 r=-01/6 r=-0379 r=103837 r=1057 r=0518 +r=05 r=-0464 r=-0175 r= 0677
Acceleration p < 0.001; NS p < 0.001, p < 0.001;
score r=0435 S s s s W S r = (.266 S r=0.281
2 Total distance p<0.001; p=20012 P<000L; p<20.001, p<20.001; p<0.001; p<0.001; p<2000;, p<2000L; p<000L; p<D0.001
§ r=20834 r=20165 r=-0245 r=10509 r=1057 r=056 r=051 r=-0491 r=0201 r=-0227 r=10818
g Distance/min p < 0.001; S p=20002 p<0001, p<2000L; p<000L, p<0001; p<?0.001; p<20001;, p<20001; p<0.001;
;‘ r=0.726 r=-0198 r=0341 r=0348 r=034 r=031 r=-0307 r=023 r=-0247 r=0.645
'2. . p < 0.001; p=20009; p<20001, p<2000L; p<0.001; p<0.001; p<0.001; p = 0001, p<0.001;
= Maimmspeed - _oeng M 00 i 03 =049 r—056 r=05 r=-051% " =029 =066
p < 0.001; P <0001, p<000I, p<0001; p<0.001; p<0.001; p<0.001; p < 0.001; p < 0.001;
heragespeed  _pess M 0o r—0mn =040 r=081 =08 r=-0761 " =026 r=0143
. p < 0.001; p=10016; p<000l, p<000L;, p<0001; p<20.001 p<0.001 p < 0.001;
Duration 0458 ™ 0158 r—0389 r—0412 r—0493 r—0498 r—-0504 S = o
Training load 1 p=001; p<000L; p<0.001, p<0.001; p<20.001; p<20.001; p<20001; p<20001, p<20001 p<0.001;
J r=-0169 r=-0246 r=10637 r=0637 r=10689 r=10697 r=-0654 r=0247 r=-023% r=0925
p = 0.01; p<0001; p=0014 p=20027. p=0004 p=0006 p=0.005 p = 0.002;
Muscle status (0160 | =086 r=-016 =015 =018 =018 r=015 R
RPE of the p<O0L p<0OO . p=0004 p—0008 p<0OL p<OO0L p<OOL o p<00L p<0OOL
previous day r=-0246 r= 02563 r=-0189 r=-0174 r=-0233 r=-0225 r=0241 r=10221 r=-0.2%

2 .
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parameters and training load. The highest number of moderate-large
correlations were registered between performance indicators and the
time in HR zone 4 +5, average HR, maximal HR, average R-R inter-
val and training load.

Improvements in the majority of physical performance parameters
(i.e., sprints, acceleration, total distance and max speed) following
the six-week preparation training program are in line with previous
findings of Lee and Joo [32] and Asadi et al. [33], who reported
improvements in fitness levels and/or sprint ability after eight and
six weeks, respectively during preseason training in youth soccer
players. Ehrmann et al. [34] found an increase in distance/min (an
indicator of workload intensity [35]) was associated with an increased
risk of injury. Therefore, it can be assumed that the present prepara-
tion training program did not generate an increased risk of injury to
the players as the distance/min did not increase significantly. Addi-
tionally, the higher values of maximum speed, sprints and accelera-
tions during the POST-test compared to the PRE-test session, indicates
the youth soccer players were able to perform more soccer-specific
maximal actions following the six-week training program. As the
average speed remained significantly unchanged from PRE- to POST-
test session, more slower actions must have taken place to compen-
sate for these maximal actions indicating that youth soccer players
may adopt more intermittent-based training following the six-week
preparation training period.

Regarding the physiological responses, it is well known that a de-
crease in HR values (i.e., maximum and average HR), and an increase
in HRV related parameters, (i.e., HRV and average and maximum
R-R intervals), in response to similar training session following a train-
ing period, is considered as beneficial cardiac adaptation [30]. Pres-
ent results indicated a tendency of (i) decrease in average HR and
time in heart zone 4+5, and (ii) increase in maximal HR, average
and maximal R-R interval and HRYV, following the six weeks training
program. These findings suggest six weeks of preparatory training
may produce slight cardiac adaptations, except for the maximal HR,
in the youth soccer players. These results are consistent with previ-
ous studies reporting that regular soccer training in the form of small
games two to three times a week leads to significant cardiovascular
adaptations, regardless of the participants training level, gender, and
age [36]. School-based ten-week intervention in the form of small-
sided, intermediate-level soccer training also led to structural and
functional cardiac adaptations in pre-adolescent boys and girls [37].

The absence of significant improvements in the majority of the
physiological responses following the present six weeks training pro-
gram can be explained by the low responsiveness rate of the entire
teams players. Our results indicate that, for all physiological re-
sponses, the responsiveness rate to the training adaptations did not
exceed 66.7% (i.e., 66.7% for average HR and HRV adaptation,
55.6% for maximal and average R-R interval and only 22.2% for
maximal HR); therefore, no significant changes were found for the
whole team. However, looking at the responsiveness rate for total
distance adaptation, we found a higher rate of nearly 89% and

significant improvements for the entire team following the training
program. These findings indicate youth soccer players did not adapt
similarly, especially in terms of physiological responses, to the prep-
aration training program. This suggests some of them may have
experienced undertraining and/ or suboptimal conditioning due to
imbalances in loads and recovery [38]. The content of future training
programs should be more individualised and/or differentiated to in-
crease the responsiveness rate and generate significant physiological
improvement at the team level. This can be achieved by measuring
individual changes in fitness and fatigue markers, which in turn al-
lows quantification of individual response and adaptation to training.
This will allow coaches to better understand the impact of pro-
grammed loads on players and identify personalized tolerance thresh-
olds for each player [39]. Additionally, it seems imperative to mon-
itor the training load that the athlete experiences during each
training session to support training individualisation and avoid incor-
rectly dosed training load (undertraining or overtraining) [40]. Train-
ing monitoring allows the coach to compare planning and achieve-
ments and is specific to the athletes age, sex, and performance
level [6]. Furthermore, training monitoring is understood as the vi-
sualisation and objectification of a training process with the help of
suitable parameters and technical instruments [6]. In this context,
and in order to determine the most suitable internal loads parameters
for the monitoring process, the present study investigated also the
relationship between performance indicators and a number of objec-
tives and subjective internal training load parameters and the train-
ing load.

Overall, results showed significant correlations between the ma-
jority of the physical performance indicators and both objective (HR
and HRV related parameters) and subjective (i.e., muscle status and
RPE) internal training load parameters in youth soccer players. These
findings are consistent with previous studies in professional soccer
players showing that external load parameters such as total distance,
low-, high- and very-high running distances and times [15], fre-
quency of efforts at high speed [141, and various HR based training
loads correlate significantly with RPE [4].

This suggests the highest number of moderate to large correlations
were registered between performance indicators variables and the
time in HR zone 445, average and maximal HR, average R-R inter-
val, and training load. Taking into consideration that successful train-
ing monitoring should be very specific to the athlete’s performance
level [6], these findings indicate HR zone 4+ 5, average and maximal
HR, and average R-R interval as most suitable internal load param-
eters and training load itself for optimal monitoring process. Monitor-
ing these variables may help the coach to implement correct load
management, and reduce the risk of under- or over-training, as well
as the risk of injury.

Previous studies also reported significant correlations between
objective and subjective internal loads in professional soccer play-
ers [4, 15, 40]. Results from this study confirm this relationship in
youth soccer players and showed that the majority of the HR and
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HRV related parameters were significantly correlated with muscle
status and RPE. However, these correlations were only trivial to small
with muscle status and RPE of the previous status. The present
findings also further suggest a relationship between objective internal
loads and training load in youth soccer players. These results iden-
tify training load as a potentially significant parameters to provide
good information about the status of youth soccer players during the
monitoring process.

In summary, both external and internal (objective and subjective)
parameters and training load should likely be considered for training
monitoring and individualisation of youth soccer players in order to
optimise training planning, physiological adaptation and physical
performance of the whole team.

Strengths and limitations

The present study is the first to assess the relationships between
(i) external and internal loads and (ii) objective and subjective inter-
nal loads in professional youth soccer during the pre-conditioning
phase. However, there are several limitations warranting further dis-
cussion. First, the limited sample size and inclusion of only one age
group (16 years old) may limit generalization of the present study.
Second, the experimentation period was limited to the preparation
phase of the season and only data of male youth soccer players were
collected. Therefore, future studies should investigate larger samples
size from both sexes and from different ages (15-18 years old) dur-
ing different periods of the season (or the whole season) to draw

Sandra Lechner et al.

more finite conclusions. Additionally, several methods have been
proposed to analyse responsiveness rate to training program, but
there is no consensus on which should be considered the gold stan-
dard. Thus, our findings concerning inter-individual variability should
be interpreted considering this concept.

CONCLU S| O/N S 15—
In conclusion, these results suggest youth soccer players do not adapt
similarly, especially in terms of physiological responses, to the six-
week preparation training program. Therefore, the content of future
training programs may require more individualization and/or differ-
entiation to increase the responsiveness rate and generate significant
physiological improvement in the whole soccer team. Additionally,
when using the polar system, the time in HR zone 445, followed by
training load, average HR and then maximal HR and average R-R
interval may be considered an important monitoring variable in youth
soccer players. Future research evaluating expanded sample sizes
and sexes are required to confirm these findings.

Competing interest statement
All authors declare no competing interest.

Details of funding
The author received no specific funding for this work.

REFEE R E N C ES /500000000

1.

4 .

Fessi MS, Zarrouk N, Di Salvo V, Filetti C,
Barker AR, Moalla W. Effects of tapering
on physical match activities in
professional soccer players. J Sports Sci.
2016; 34(24):2189-2194.

Lima-Alves A, Gustavo Claudino J,
Boullosa D, Rangel Couto C,
Teixeira-Coelho F, M. Pimenta E. The
relationship between internal and
external loads as a tool to monitor
physical fitness status of team sport
athletes: a systematic review. Biol Sport.
2022; 39(3):629-638.

Sport A-Z. Lexikon
sportwissenschaftlicher Begriffe:
Beanspruchung [Internet] [cited 2021
Mar 10]. Available from: http://spolex.de/
lexikon/beanspruchung/

Impellizzeri FM, Rampinini E, Coutts AJ,
Sassi A, Marcora SM. Use of RPE-based
training load in soccer. Med Sci Sports
Exerc. 2004; 36(6):1042-7.

Starling LT, Lambert MI. Monitoring rugby
players for fitness and fatigue: What do
coaches want? Int J Sports Physiol
Perform. 2018; 13(6):777-82.

Brandt M. Trainingsmonitoring: Studie
zur Bedirfnisabklarung von Trainerinnen
und Trainer im
Hochleistungs-Ausdauersport an ein
Trainingsmonitoring; 2013.

7.

10.

11.

12.

Miguel M, Oliveira R, Loureiro N,
Garcia-Rubio J, Ibanez SJ. Load
measures in training/ match monitoring in
soccer: A systematic review. Int J Environ
Res Public Health. 2021; 18:2721.
Hamlin MJ, Wilkes D, Elliot CA,
Lizamore CA, Kathiravel Y. Monitoring
Training Loads and Perceived Stress in
Young Elite University Athletes. Front
Physiol. 2019; 10:34.

QOliva-Lozano JM, Gémez-Carmona C,
Fortes V, Pino-Ortega J. Effect of training
day, match, and length of the microcycle
on workload periodization in professional
soccer players: a full-season study. Biol
Sport. 2022; 39(2):397-406.
Oliva-Lozano JM, Gémez-Carmona CD,
Rojas-Valverde D, Fortes V, Pino-Ortega J.
Effect of training day, match, and length
of the microcycle on the worst-case
scenarios in professional soccer players.
Res Sports Med. 2021; 1-14.

Verheijen R. The original guide to football
periodisation: Part 1. 2nd ed. Amsterdam:
World Football Academy; 2014. 184 s.
Maughan PC, MacFarlane NG,

Swinton PA. Quantification of training
and match-play load across a season in
professional youth football players. Int

J Sports Sci Coach. 2021;
174795412110003.

13.

Vachon A, Berryman N, Mujika I,

Paquet J, Sauvet F, Bosquet L. Impact of
tapering and proactive recovery on young
elite rugby union players’ repeated high
intensity effort ability. Biol Sport. 2022;
39(3):735-743.

14. Casamichana D, Castellano J,

15.

16.

17.

Calleja-Gonzalez J, San Roman J,
Castagna C. Relationship between
indicators of training load in soccer
players. J Strength Cond Res. 2013;
27(2):369-74.

Scott BR, Lockie RG, Knight TJ,

Clark AC, Janse de Jonge XAK.

A comparison of methods to quantify the
in-season training load of professional
soccer players. Int J Sports Physiol
Perform. 2013; 8(2):195-202.

Ammar A, Chtourou H, Souissi N. Effect
of Time-of-Day on Biochemical Markers
in Response to Physical Exercise.

J Strength Cond Res. 2017;
31(1):272-282.

Ammar A, Chtourou H, Turki M,
Hammouda O, Chaari A, Boudaya M,
Driss T, Ayedi F, Souissi N. Acute and
delayed responses of steroidal hormones,
blood lactate and biomarkers of muscle
damage after a resistance training
session: time-of-day effects. J Sports Med
Phys Fitness. 2018; 58(7-8):980-989.




Monitoring training load in youth soccer players:

18.

19.

20.

21.

22.

23.

24

25.

26.

27.

Chtourou H, Engel FA, Fakhfakh H,
Fakhfakh H, Hammouda O, Ammar A,
Trabelsi K, Souissi N, Sperlich B. Diurnal
Variation of Short-Term Repetitive
Maximal Performance and Psychological
Variables in Elite Judo Athletes. Front
Physiol. 2018; 9:1499.

Shaffer F, Ginsberg JP. An Overview of
Heart Rate Variability Metrics and Norms.
Front. Public Health. 2017; 5: 258
Polar. Team Pro [Internet] [cited 2021
May 7]. Available from: https://www.
polar.com/blog/heart-rate-variability-and-
orthostatic-test-lets-talk-polar

Polar, editor. White Paper: Polar Team Pro
System Polar Research and Technology;
2017 [cited 2021 Mar 2].

Speer KE, Semple S, Naumovski N,
McKune AJ. Measuring heart rate
variability using commercially available
devices in healthy children: A Validity and
Reliability Study. EJIHPE. 2020;
10(1):390-404.

Gilgen-Ammann R, Schweizer T, Wyss T.
RR interval signal quality of a heart rate
monitor and an ECG Holter at rest and
during exercise. Eur J Appl Physiol.
2019; 119(7):1525-32.

. Polar. Team Pro [Internet] [cited 2021

May 71. Available from: https://www.
polar.com/de/b2b_produkte/team-pro
Akenhead R, French D, Thompson KG,
Hayes PR. The acceleration dependent
validity and reliability of 10 Hz GPS. J Sci
Med Sport. 2014; 17(5):562-6.
Jennings D, Cormack S, Coutts AJ,
Boyd LJ, Aughey RJ. Variability of GPS
units for measuring distance in team
sport movements. Int J Sports Physiol
Perform. 2010; 5(4):565-9.

Hopkins WG, Marshall SW,

Batterham AM, Hanin J. Progressive

28.

29.

30.

31.

32.

33.

statistics for studies in sports medicine
and exercise science. Med Sci Sports
Exerc. 2009; 41(1):3-13.

Hopkins WG. Measures of reliability in
sports medicine and science. Sports Med.
2000; 30(1):1-15.

Coswig VS, Barbalho M, Raiol R, Del
Vecchio FB, Ramirez-Campillo R,

Gentil P. Effects of high vs moderate-
intensity intermittent training on
functionality, resting heart rate and blood
pressure of elderly women. J Transl Med.
2020; 18(1):88.

Ammar A, Boukhris O, Halfpaap N,
Labott BK, Langhans C, Herold F,
Grassler B, Miiller P, Trabelsi K,
Chtourou H, Zmijewski P, Driss T,

Glenn JM, Miiller NG, Hoekelmann A.
Four weeks of detraining induced by
COVID-19 reverse cardiac improvements
from eight weeks of fitness-dance training
in older adults with mild cognitive
impairment. Int J Environ Res Public
Health. 2021; 18(11):5930.

Gurd BJ, Giles MD, Bonafiglia JT,
Raleigh JB, Boyd JC, Ma JK, Zelt JGE,
Scribbans TD. Incidence of nonresponse
and individual patterns of response
following sprint interval training. Appl
Physiol Nutr Metab. 2016;
41(3):229-34.

Lee H, Joo C-H. Differences in physical
fitness after an 8-week preseason training
among elite football players aged 17-19
years. J Exerc Rehabil. 2020;
16(5):442-9.

Asadi A, Ramirez-Campillo R, Arazi H,
Séez de Villarreal E. The effects of
maturation on jumping ability and sprint
adaptations to plyometric training in
youth soccer players. J Sports Sci. 2018;
36(21):2405-11.

34.

35.

36.

37.

38.

39.

40.

Ehrmann FE, Duncan CS, Sindhusake D,
Franzsen WN, Greene DA. GPS and
injury prevention in professional soccer.
J Strength Cond Res. 2016;
30(2):360-7.

Walker O. GPS (Wearables): Part 2 —
Metrics and Application [Internet].

2017 [cited 2021 Jul 26]. Available
from: https://www.scienceforsport.com/
gps-wearables-metrics-and-application/
Krustrup P, Dvorak J, Junge A,

Bangsbo J. Executive summary: the
health and fitness benefits of regular
participation in small-sided football
games. Scand J Med Sci Sports. 2010;
20:132-135.

Krustrup P, Hansen PR, Nielsen CM,
Larsen MN, Randers MB, Manniche V,
Hansen L, Dvorak J, Bangsbo J.
Structural and functional cardiac
adaptations to a 10-week school-based
football intervention for 9-10-year-old
children. Scand J Med Sci Sports. 2014;
24:4-9.

Wivell A. Monitoring acute fatigue in
soccer players; 9.8.2016.
Sénchez-Sanchez J, Botella J, Felipe
Hernandez JL, Ledn M,
Paredes-Hernandez V, Colino E,

Gallardo L, Garcia-Unanue J. Heart rate
variability and physical demands of
in-season youth elite soccer players.
J Environ Res Public Health. 2021;
18(4):1391.

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.

nt

= BioLogy oF SPorT, VoL. 40 Nol, 2023 75



