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Abstract
The distribution of the weekly training load is an important factor that determines the match performance in
soccer players. The main purpose of this study was to present the weekly training load of professional soccer
players during the competitive season and to investigate which external load variables may affect the rating of
perceived exertion. The external and internal training loads applied to 31 professional soccer players (age: 26.7
± 4.85 years; height: 181.2 ± 6.64 cm; mass: 76.4 ± 6.87 kg) during the competitive period of the 2018/2019
season were investigated. The largest training volume was performed on Matchday-5 (M-5) and Matchday-3 (M3), while the longest average distance in high-speed running (HSR) and sprinting was covered on Matchday-4
(M-4). The data on RPE provided by the players suggested that M-4 was the most intensive day of the training
week. The values for the most external and internal load indicators for Matchday-2 (M-2) and Matchday-1 (M-1)
were significantly lower than during other days of the microcycle. Significant correlations were found between
RPE and total distance (TD; r = 0.58, p < 0.001), HSR (r = 0.51, p < 0.001), sprinting (r = 0.25, p < 001),
number of accelerations (r = 0.49, p < 0.001), number of decelerations (r = 0.56, p < 0.001), energy expenditure
(r = 0.59, p < 0.001), average heart rate (HR avg) (r = 0.38, p < 0.001) and session duration (r = 0.37, p < 0.001).
A progressive decrease in training loads from the middle of the week was observed in this study. Thus, variables,
such as energy expenditure, TD, HSR distance and number of accelerations and decelerations determine the
subjective fatigue of professional soccer players.
Key words: periodization, RPE, training monitoring, football.
Introduction
The physical demands of professional soccer have been previously described by numerous authors
(Stølen et al., 2005; Di Salvo et al., 2009). Longitudinal analysis of soccer match performance indicates
evolution in both physical (Barnes et al., 2014), and technical (Konefał et al., 2019) requirements for elite
players. However, most of the published studies refer to data from official competitions, while training loads are
investigated less frequently. A properly planned and performed training is essential for allowing players to meet
the match requirements at the elite level. Thus, systematic monitoring of the training loads is one of the crucial
responsibilities for coaches (Impellizzeri et al., 2005). The typical classification of training loads typically
includes external load and internal load. External load refers to training prescribed by the coaches and can be
characterized by time–motion variables (Malone et al., 2015). The internal training load is defined as the
physiological response of the athlete to the applied effort, which is determined by volume and intensity of the
exercise (Enes et al., 2020). Accurate training load control should involve data from both of these components.
Due to differences in actual physical fitness, player mentality or training history, a similar external load can
result in a different internal load (Jaspers et al., 2018).
The external and internal training loads can be accurately monitored using different methods. Video
tracking and GPS systems are most commonly used for external load control. These instruments provide
numerous data, including total distance (TD), distance covered in different speed zones, number of high-intensity
efforts (high-speed runs, sprints) or number of accelerations and decelerations. Proper interpretation of the data
delivered by GPS systems can reduce the injury risk and control the external load for the team and for individual
players (Rave et al., 2020). The physiological response to the applied training load can be assessed with the use
of heart rate (HR) monitors, which are usually compatible with GPS devices. The average HR data of the session
or time spent in individual HR zones (% of maximal HR) provide useful information about the work of the
cardiovascular system. Moreover, coaches and sport scientists can analyse selected blood parameters to evaluate
the internal load in professional soccer (Radzimiński et al. 2020). Furthermore, Foster et al. (2001) proposed a
method based on the rating of perceived exertion (RPE), which is a simple tool that allows evaluation of the load
regarding the intensity and volume of the training session. The RPE TL is calculated by multiplying the session
RPE (mark given by the player from the CR-10 scale) and the duration of the session expressed in minutes
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athletes.
Designing short- and long-term training programs to induce training adaptations and maximize the
match performance is one of the biggest challenges for coaches in different sports (Mujika et al., 2018). The
distribution of the weekly training load is an important factor that influences the match performance in soccer
players (Modrić et al., 2021). Typical registration should involve locomotion, HR and RPE data from each day
of the microcycle. Few studies have reported on the training load in such a complex manner (Malone et al.
2015). Accurate presentation of the weekly load could provide numerous practical applications for coaches
working with players representing different levels and different age groups. Moreover, analysing the data in
comparison with match performance (or result) can suggest which training load distribution is optimal for
successful competition (Oliviera et al., 2020).
Potential relations between the external training load and rating of perceived exertion could provide
practical information for coaches during session preparation when they want to avoid the effect of subjective
fatigue. Clemente (2018) found that physical performance during different formats of small-sided games is
dependent on the wellness status of players. Furthermore, large correlations between RPE and time–motion
variables (e.g. total distance, sprint distance or number of accelerations) were indicated in that study. Moreover,
Gaudino et al. (2015) investigated the training load from 1892 individual observations. They reported that
variables, such as high-speed running, number of impacts and accelerations, allows for prediction of the RPE
training load in elite soccer players. Most recently, Dios-Alvarez et al. (2021) demonstrated significant
correlations between the external load and RPE values. Interestingly, these associations were higher during the
training sessions then during matches. Marynowicz et al. (2021) highlighted the importance of high-speed
running per minute as the strongest predictor of RPE. Thus, careful management of high-speed running volume
and intensity should be taken into account by coaches when preparing their teams for a game.
Proper planning of the training process and anticipation of the players’ reactions to applied loads is a
basic task for coaches. Determining associations between the external load and RPE provides useful suggestions
for effective distribution of the training load. Therefore, the main purpose of this study was to present the weekly
training load during the competitive season and to investigate which external load variables may affect the
subjective fatigue assessment (rating of perceived exertion).
Methods
Experimental approach
Training data was collected for thirty-one professional soccer players during the competitive period of
the 2018/2019 soccer season. The time–motion data were recorded using 18-Hz GPS devices (GPEXE, Exelio
srl, Udine, Italy) with appropriate software (GPEXE Bridge, version 7.6.7). The devices were compatible with
wearable heart rate receivers (Polar Electro, Oy, Kempele, Finland). Moreover, individual RPE marks were
collected after each training session. A total of 85 training sessions were analysed. Correlations between the GPS
data, HR values and RPE were calculated to identify which variables could potentially influence subjective
fatigue of players. Additionally, the training loads were presented with reference to the day of the microcycle.
Participants
Thirty-one professional soccer players from the top division took part in the study (age: 26.7 ± 4.85
years; height: 181.2 ± 6.64 cm; mass: 76.4 ± 6.87 kg). Playing positions of the participants included central
defenders (n = 4), external defenders (n = 7), central midfielders (n = 7), external midfielders (n = 8) and
forwards (n = 5). Data arose as a condition of players’ employment; therefore, no written consent was required.
Full approval was received from the ethical board at the institution where the research was conducted.
Procedures for the study were in accordance with the Declaration of Helsinki.
Training load monitoring
The external training load was measured using GPS devices. Variables, including total distance (TD),
distance covered in walking (0–7.19 km·h−1), jogging (7.2–14.39 km·h−1), running (14.4–19.79 km·h−1), highspeed running (HSR; 19.8–25.2 km·h−1), sprinting (>25.2 km·h−1), accelerations (>2 m/s2), decelerations (≤-2
m/s2), maximal running velocity and energy expenditure (J·kg−1) were analysed. Moreover, the average heart
rate (HRavg, bpm−1), and maximal heart rate (HRmax, bpm−1) of each training session were recorded to evaluate
the internal load. The duration of the training session was counted from the moment of the beginning of the
warm-up to the moment of the finishing whistle of the head coach. The CR-10 point scale (Borg, 1998), where 1
represents “very light activity” and 10 means “maximal effort”, was used to classify the fatigue after each
session. Immediately after the training sessions, the RPEs were collected from each player separately. Only data
from the players who participated in the full training session where analysed. Moreover, data from recovery
training sessions (Matchday + 1) and from training sessions performed on the second day after the game
(Matchday + 2) were excluded to prevent match fatigue from influencing the RPE marks. Similarly, sessions
performed in the gym were not analysed due to lack of data from the GPS system.
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All statistical analyses were performed using Statistica 13.0 (TIBCO Software Inc., 2017) in accordance
with Hazra and Gogtay (2016). The data sets were analysed using the Shapiro–Wilk test for normal distributions.
Possible relations between test results, body composition and match performance were calculated using
Pearson’s correlation. The level of correlation was fixed in the following categories: very strong (r ≥ 0.80),
moderately strong (r = 0.60–0.79), fair (r = 0.30–0.59) and poor (r ≤ 0.29) (Chan, 2003). Additionally, repeated
ANOVA was performed to assess the differences between training loads applied to the players on different days
of the microcycle. The Tukey post-hoc test was conducted for pairwise comparisons. For variables with
uncertain data distribution, the nonparametric Friedmans’ ANOVA with the appropriate post hoc test were
applied. The significance level was set at p < 0.05.
Results
The distribution of the weekly external and internal training loads applied to the players are presented in
Table 1. Training sessions with the largest volume were performed on M-5 and M-3 (average TD: 6032 m and
5923 m, respectively), while the longest average distance in HSR and sprinting was covered on M-4 (133 m and
19 m, respectively). The RPE data provided by the players suggested that M-4 was the most intensive day of the
training week. The values of the most external and internal load indicators in M-2 and M-1 were significantly
lower than during other days of the microcycle (table 1).
Moreover, the distribution of HSR, accelerations, decelerations and RPE are presented in Figures 1 and
2. Significant correlations were found between RPE and different variables, including TD (r = 0.58, p < 0.001),
HSR (r = 0.51, p < 0.001), sprinting (r = 0.25, p < 001), number of accelerations (r = 0.49, p < 0.001), number of
decelerations (r = 0.56, p < 0.001), energy expenditure (r = 0.59, p < 0.001), average HR (r = 0.38, p < 0.001)
and session duration (r = 0.37, p < 0.001, Table 2).
Table 1. External and internal training loads on different days of the microcycle
M-5 (n = 152)

M-4 (n = 281)

M-3 (n = 392)

M-2 (n = 328)

M-1 (n = 241)

6031.7 ±
1159.75

5198.2 ±
973.30*

5922.6 ±
1361.82#

3690.1 ±
612.58*#$

3947.7 ±
1002.32*#$

71.2 ± 10.62

70.2 ± 9.96

68.1 ± 11.06

52.5 ± 6.70*#$

58.5 ± 10.35*#$†

HSR [m]

74.5 ± 119.00

133.3 ± 124.49*

113.0 ± 92.81*

43.0 ± 38.31#

50.4 ± 39.97#$

Sprint [m]

1.2 ± 3.88

18.5 ± 33.16*

17.7 ± 36.20*

4.0 ± 7.70*#

6.9 ± 11.25*#

Accelerations

38.7 ± 15.82

37.5 ± 15.09

41.7 ± 14.04

27.6 ± 11.68*#$

25.8 ± 12.36*#$

Decelerations

32.9 ± 12.95

31.8 ± 14.88

39.1 ± 14.63*#

19.7 ± 10.76*#$

19.4 ± 10.19*#$

Vmax
[m·s−1]

6.42 ± 0.60

6.98 ± 0.99*

7.11 ± 0.74*

6.59 ± 0.86#$

6.91 ± 0.91*$†

HRavg [bpm−1]

128.8 ± 12.71

129.7 ± 12.95

128.3 ± 13.99

116.9 ± 14.13*#$

120.3 ± 14.07*#$

HRmax [bpm−1]

174.9 ± 20.17

177.1 ± 11.27

176.7 ± 11.97

163.4 ± 15.26*#$

166.6 ± 14.79*#$

Energy
[J·kg−1]

25787 ± 5531

21857 ± 4676*

24588 ± 6549#

14313 ± 2909*#$

15418 ± 4395*#$

Time [min]

84.4 ± 9.86

74.2 ± 10.05*

86.7 ± 11.34#

70.4 ± 8.24*#$

68.3 ± 15.60*#$

RPE [AU]

4.5 ± 0.98

5.8 ± 1.82*

5.2 ± 1.13*#

3.3 ± 0.83*#$

2.9 ± 0.78*#$†

sRPE [AU]

383.5 ± 103.68

426.3 ± 135.4*

456.0 ± 123.13*#

236.1 ± 71.87*#$

204.7 ± 78.32*#$†

Total distance
[m]
Relative distance
[m·min−1]

*significantly different from M-5; #significantly different from M-4; $significantly different from M-3;
†
significantly different from M-2; M-5 – 5 days before the game; HSR – high-speed running; Vmax – maximal
velocity; HRavg – average heart rate; HRmax – maximal heart rate; RPE – rating of perceived exertion
Table 2. Relations between RPE scores and external and internal load variables in professional soccer players

RPE

TD

Dist/min

HSR

Sprint

ACC

DEC

Energy

avHR

Time

r = 0.58
p = 0.00

r = 0.50
p = 0.00

r = 0.51
p = 0.00

r = 0.25
p = 0.00

r = 0.49
p = 0.00

r = 0.56
p = 0.00

r = 0.59
p = 0.00

r = 0.38
p = 0.00

r = 0.37
p = 0.00
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Figure 1. Weekly distribution of high-speed running and RPE values in professional soccer players

Figure 2. Weekly distribution of accelerations, decelerations and RPE values in professional soccer players
Discussion
The main purpose of this research was to present the weekly training loads of professional soccer
players and to identify potential relations between external load variables and RPE. The presented data suggest
that the high-volume training sessions were applied on M-5 and M-3. The longest distance in HSR and sprinting
was covered by players on M-3. The lowest training load was registered on the last two days before the match.
Moreover, significant correlations were found between RPE and external load variables, such as energy
expenditure, TD, relative total distance, HSR, sprint distance, number of accelerations and decelerations, HR avg
and session duration.
Proper training load periodization is crucial for preparing players for a match during the competitive
season. Therefore, the most common practice is to apply intensive sessions at the beginning of the week,
whereas the last two days before the game typically involve efforts with lower volume and intensity. In general,
a progressive decrease in training loads from the middle of the week was observed, which is in line with
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comparable with the data presented by Oliviera et al. (2019), where the longest distance covered by players was
reported on M-5 and M-3. Similarly, Clemente et al. (2019), who compared external load of Portuguese and
Dutch teams, noted the greatest distances and intensities on M-5 and M-3. The longest distance covered by the
players in speed above 20 km/h (what corresponds to HSR) was observed in their study on M-5, M-3 and M-2.
In contrast, the data presented in current study show that the greatest HSR distance was covered by the players
on M-4.
Previous studies (Stevens et al., 2017) have highlighted the importance of including accelerations and
decelerations when describing external load in professional soccer. These variables are considered to be even
more sensitive to fatigue than distance covered in any of the speed zones (Akenhead, et al., 2013). Therefore, a
large number of these activities during pre-match training sessions is not recommended. However, many coaches
practice set pieces on M-1, where players perform numerous accelerations (e.g. when attacking the ball centred
from the corner). Hence, limiting the number of repetitions during these exercises is advisable. Stevens et al.
(2017) found that the greatest acceleration load on the most intensive training day (M-4) was close to the match
load. In the current study, the highest number of both accelerations and decelerations was noted on M-3. On this
training session, a large (11 vs. 11) game was usually applied. On following days (M-2 and M-1), the number of
these external load indicators was the lowest (less than 30 accelerations and less than 20 decelerations).
The highest values of internal load, expressed as RPE, was noted on M-4 (5.7 ± 1.85). Although the
durations of the sessions on M-5 and M-3 were longer, the RPE values for these days were lower in comparison
with that of M-4. These differences might be explained by applying intensive training drills on M-4. Usually,
that is the day when players perform high-intensity interval training in the form of small-sided games. Abbott et
al. (2018) analysed the internal and external load during different training games. They found that TD covered
during small-sided games was lower than in large games. However, the RPE values after small-sided games
were higher. Hence, the highest RPE values of the training session involving small-sided games was expected.
The relationships between RPE and external load measures have been previously investigated by
several researchers (Marynowicz et al., 2020; Jaspers et al., 2018; Casamichana et al., 2013; McLaren et al.,
2018). Gaudino et al. (2015) indicated that a combination of different external load factors can predict RPE
training load more precisely than any other parameter alone. In the current study, the largest significant
correlations were calculated between RPE and energy expenditure and TD (r = 0.59 and r = 0.58, respectively).
This finding is in line with those of McLaren et al. (2018) and Geurkink et al. (2018), who highlighted a strong
association between TD and session RPE. Therefore, these results confirm that the volume of running during
training sessions in professional soccer players is one of the most important factors influencing the internal load.
Furthermore, significant positive relations between RPE and distance covered in HSR (r = 0.51), number of
accelerations (r = 0.49) and decelerations (r = 0.56) were found. Gaudino et al. (2015) reported similarly that
high-speed running and number of accelerations are best predictors of RPE training load in elite soccer players.
Additionally, Jaspers et al. (2018) emphasized that decelerating efforts result in eccentric contractions, which
induce muscle damage. Consequently, these activities may relevantly affect the RPE given by the players.
Lack of an external and internal match load is undoubtedly a limitation of this current study. Analysing
the data according to match demands could provide interesting conclusions. Unfortunately, full external load
measurements from official games were not available. Moreover, analysing the RPE of individual training drills
should be performed in future research. Such information would help coaches to select suitable exercises when
they want to avoid the effect of subjective fatigue of their players.
Conclusion
In the current study, an in-season weekly external and internal training load distribution was presented.
The longest total distance was covered by the players on M-5 and M-3, while the highest internal load (RPE and
HR) was reported on M-3. The lowest training volume and intensity were applied during the last two days before
the official matches. Moreover, significant relationships between RPE and several external load indicators were
found. Variables, such as energy expenditure, TD, HSR distance and the number of accelerations and
decelerations, determine the subjective fatigue of professional soccer players. Therefore, coaches who want to
avoid the effect of subjective fatigue should carefully distribute these components of the training load. Such a
routine would be helpful to ensure players have optimal preparation for matches.
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