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Abstract: Background and Objectives: Interpretation of the load variations across a period seems
important to control the weekly progression or variation of the load, or to identify in-micro- and
mesocycle variations. Thus, the aims of this study were twofold: (a) to describe the in-season
variations of training monotony, training strain and acute:chronic workload ratio (ACWR) through
session ratings of perceived exertion (s-RPE), total distance and high-speed running (HSR); and
(b) to compare those variations between starters and non-starters. Materials and Methods: Seventeen
professional players from a European First League team participated in this study. They were divided
in two groups: starters (n = 9) and non-starters (n = 8). The players were monitored daily over a
41-week period of competition where 52 matches occurred during the 2015–2016 in-season. Through
the collection of s-RPE, total distance and HSR, training monotony, training strain and ACWR were
calculated for each measure, respectively. Data were analyzed across ten mesocycles (M: 1 to 10).
Repeated measures ANOVA was used with the Bonferroni post hoc test to compare M and player
status. Results: The results revealed no differences between starters vs. non-starters (p > 0.05). M6 had
a greater number of matches and displayed higher values for monotony (s-RPE, total distance and
HSR), strain (only for total distance) and ACWR (s-RPE, TD and HSR). However, the variation
patterns for all indexes displayed some differences. Conclusions: The values of both starters and
non-starters showed small differences, thus suggesting that the adjustments of training workloads
that had been applied over the season helped to reduce differences according to the player status.
Even so, there were some variations over the season (microcycles and mesocycles) for the whole
team. This study could be used as a reference for future coaches, staff and scientists.

Keywords: acute/chronic workload ratio; high-speed running; in-season; non-starters; RPE; soccer;
starters; training monotony; training strain

1. Introduction

Monitoring of the training load in soccer has become popular, whereby two main
dimensions of load are considered [1]: (i) internal and (ii) external. The external load
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can be considered as the physical demands that occur in the players in response to the
implemented drill/task, while the internal load corresponds to the psychophysiological
responses to the external load [2]. Different outcomes can be considered for each of the
dimensions, although the rate of perceived exertion (RPE) and heart rate responses are the
most used measures associated with internal load [3]. On the other hand, in soccer, the
external load is typically characterized by the distance covered at different speed thresholds,
or the inertial-derived measures such as accelerations/decelerations or composite variables
(e.g., player load) [4].

Monitoring loads allows one to identify the consequence of training plans on the play-
ers and to individualize the analysis [5]. Although it is useful to look for accurate measures
representing the impact in a training session [6], interpretation of the load variations across
a period of time also seems to be important [7]. In fact, calculating workload measures
is a part of the strategies to control the weekly progression or variation of the load, or to
identify within-week variations [8]. Among the possibilities, acute load (representing the
accumulated load during a week), chronic load (typically represented by the mean load
in the past weeks), acute:chronic workload ratio (ACWR, representing the relationship
between acute and chronic workloads) [9], training monotony (TM) (representing the
variability of load within the week) and training strain (TS) (representing the variability
of the load multiplied by the acute load) [10] are some examples of how to control load
taking into consideration different measures.

Considering that some of these measures are sensitive to load fluctuations, it can
be expected that participating or not participating in soccer matches may influence the
workload measures reported for the players. For example, it is expectable that players with
greater participation in matches present greater values of accumulated load and chronic
load. However, as a consequence, players with less participation should be carefully
managed to be prepared for participating in matches and coping with a spike in load.
Despite the apparently obvious consequence of participating more or less in matches being
related with different workload measures, reports on this matter are limited [11]. For
example, similar comparisons between starters and non-starters regarding the workload
measures of new body load and metabolic power were found [11]. In junior soccer players,
it was also found that weekly internal and external load measures were also significantly
greater in starters than in substitute players [12].

However, the above-mentioned results still need more research that provides some
description about the workload measures’ variations in accordance with the level of partic-
ipation of players in elite soccer. This should be further researched to provide information
about how to manage players with match stimulus and to identify possible strategies to
level the load with individualized training for those who are not playing. Based on that,
the aims of this study were twofold: (a) to describe the in-season variations of TM, TS and
ACWR through s-RPE, total distance and high-speed running (HSR); and (b) to compare
those variations between starters and non-starters.

2. Materials and Methods
2.1. Subjects

Seventeen elite soccer players participated in this study. The players belong to a team
that participated in the UEFA Champions League. They were divided into two groups:
starters (n = 9, age 26.2 ± 3.5 years, 180.1 ± 6.8 cm and 78.7 ± 5.8 kg) and non-starters
(n = 8, 24.5 ± 4.6 years, 182. ± 6.8 cm and 76.6 ± 4.3 kg). The inclusion criteria were
regular participation in most of the training sessions (80% of weekly training sessions),
while the exclusion criteria included lack of player information, illness and/or injury
for two consecutive weeks. Goalkeepers were excluded from the study. The criteria to
define starters and non-starters were assessed week by week against a player´s attendance
time at the match and training sessions, and to be considered a starter, a player had to
complete at least 60 minutes in three consecutive matches; players who did not achieve
this duration were considered non-starters [13]. All participants were familiarized with the
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training protocols and signed informed consent prior to the investigation. This study was
conducted according to the requirements of the Declaration of Helsinki and was approved
by the Ethics Committee of Polytechnic Institute of Santarém (252020Desporto).

2.2. Design

Training load data were collected over a 41-week competition period, in which 52 matches
occurred during the 2015–2016 in-season. The team used for data collection competed in
four official competitions across the season, including the UEFA Champions League, the
national league and two more national cups from their own country. For the purposes of
the present study, all of the sessions carried out as the main team sessions were considered.
This refers to training sessions in which both the starting and non-starting players trained
together. Only data from training sessions were considered. Data from rehabilitation or
additional training sessions of recuperation were excluded. This means that sessions after
the match day were included whenever both starters and non-starters trained together,
but other kinds of recovery training were excluded. This study did not influence or alter
the training sessions in any way. Training data collection for this study was carried out at
the soccer club’s outdoor training pitches. Total minutes of training sessions included the
warm-up, main phase and slow-down phase plus stretching.

The season was organized into 10 mesocycles (M: 1–10). The number of training
sessions, number of competitive matches and total training duration for starters and
non-starters are presented in Table 1.

Table 1. Training sessions and number of competitive matches during the 41-week period.

Mesocycle (M) M1 M2 M3 M4 M5 M6 M7 M8 M9 M10

Training sessions (n) 16 20 18 18 20 20 19 20 18 20

Session duration, total
minutes, ST 1501 1778 986 1495 1062 864 1410 1519 1206 1227

Session duration, total
minutes, NST 1585 1832 1029 1424 1197 1272 1599 1441 1358 1382

Number of matches (n) 4 5 4 5 6 8 5 4 7 4
ST = Starters; NST = Non-starters.

2.3. Internal Training Load Quantification

During training sessions, the CR10-point scale, adapted by Foster et al. was ap-
plied [14]. Specifically, thirty minutes after the end of each training session, players rated
their RPE value using an app on a tablet. The scores provided by the players were then
multiplied by the training duration to obtain the s-RPE [14,15]. The players were previ-
ously familiarized with the scale, and all answers were provided individually to avoid non-
valid scores.

2.4. External Training Load Quantification

Global positioning system (GPS) units (Viper pod 2, STATSports, Belfast, UK) with
10 Hz frequency were used to monitor the training duration, total distance and HSR (above
19 km/h) for each player. For better satellite reception of the GPS antenna, the GPS unit
was placed on the upper back between the left and right scapula through a custom-made
vest. Previously, Beato et al. [16] positively tested the validity and reliability of linear,
multidirectional and soccer-specific activities through this system. Thirty minutes before
the start of a training session, all devices were turned on to acquire satellite signals and to
provide synchronization between the GPS clock and the satellite’s atomic clock. After the
training sessions, the Viper PSA software (STATSports, Belfast, UK) was used to download
data and to clip the entire training session (i.e., from the beginning of the warm-up to the
end of the last organized drill). In order to avoid inter-unit error, players wore the same
GPS device in each training session.
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2.5. Calculations of Training Indexes

Through s-RPE, total distance and HSR, the following variables were calculated:
(i) TM (mean of training load during the seven days of the week divided by the standard
deviation of the training load of the seven days) [11,17], (ii) TS (sum of the training loads
for all training sessions during a week multiplied by training monotony) [11,17] and
(iii) ACWR (dividing the acute workload, i.e., the 1-week rolling workload data, by the
chronic workload, i.e., the rolling 4-week average workload data) [18–22].

2.6. Statistical Analysis

Data were analyzed using SPSS version 22.0 (SPSS Inc., Chicago, IL, USA) for Win-
dows. Initially, descriptive statistics were used to describe and characterize the sample.
The Shapiro–Wilk and Levene tests were used to test the assumption of normality and
homoscedasticity, respectively. A repeated measures ANOVA was used with the Bon-
ferroni post hoc test once variables obtained normal distribution (Shapiro–Wilk > 0.05),
and the Friedman and Mann–Whitney tests were used for variables that did not obtain
normal distribution in order to compare different M and groups. Hedge’s g effect size
(95% confidence interval) was also calculated. Hopkins’ thresholds for effect size statistics
were used, as follows: ≤0.2, trivial; >0.2, small; >0.6, moderate; >1.2, large; >2.0, very large;
and >4.0, nearly perfect [21]. Results were considered significant with p ≤ 0.05.

3. Results

Figures 1–3 show an overall view of the weekly average for TM, TS and ACWR
calculated through the s-RPE, total distance and HSR across the in-season for starter and
non-starter players. Overall, Figure 1 shows that the highest TMs-RPE occurred in week 1
for both starters and non-starters (7.2 and 7.0 AU, respectively), while the lowest value
occurred in week 19 for starters (1.5 AU) and week 2 for non-starters (1.5 AU). The highest
TSs-RPE occurred in week 41 for both starters (8498.0 AU) and non-starters (15,263.9 AU),
while the lowest values occurred in week 30 for starters (110.2 AU) and week 19 for non-
starters (1310.9 AU). The highest ACWRs-RPE occurred in week 21 for starters (1.6 AU) and
week 10 for non-starters (1.5 AU), while the lowest ACWRs-RPE occurred in week 36 for
starters (0.5 AU) and week 17 for non-starters (0.7).

Figure 2 shows that the highest TMTD occurred in week 21 for both starters and non-
starters (38.2 and 17.1 AU, respectively), while the lowest values occurred in week 2 for
both starters and non-starters (2.0 and 1.9 AU, respectively). The highest TSTD occurred in
week 21 for starters (558,935.0 AU) and week 15 for non-starters (282,938.6 AU), while the
lowest values occurred in week 36 for starters (35,441 AU) and non-starters (42,676.8 AU).
The highest ACWRTD occurred in week 10 for both starters (1.6 AU) and non-starters
(1.6 AU), and the lowest ACWRTD occurred in week 36 for both starters (0.7 AU) and
non-starters (0.8 AU).

Figure 3 shows that the highest TMHSR occurred in week 21 for starters (2.9 AU) and
week 36 for non-starters (2.9 AU), while the lowest values occurred in week 20 for starters
(0.7 AU) and week 39 for non-starters (0.8 AU). The highest TSHSR occurred in week 4 for
starters (3855.6 AU) and week 10 for non-starters (3578.0 AU), while the lowest values
occurred in week 18 for starters (218.1 AU) and week 14 for non-starters (365.8 AU). The
highest ACWRHSR occurred in week 10 for both starters (1.6 AU) and non-starters (1.6 AU),
while the lowest ACWRHSR values occurred in week 9 for starters (0.4 AU) and week 4 for
non-starters (0.4 AU).

Table 2 presents the average values and differences between starters and non-starters
during the 10 mesocycles for all variables analyzed. There are no differences between
the groups.
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Table 2. Differences between starters and non-starters during the 10 mesocycles, mean ± SD.

Variables M1 M2 M3 M4 M5 M6 M7 M8 M9 M10

TM s-RPE (AU),
ST 3.3 ± 1.1 3.2 ± 0.8 2.8 ± 0.2 3.9 ± 0.4 1.8 ± 0.3 4.4 ± 1.0 2.2 ± 0.3 2.3 ± 0.3 2.5 ± 0.2 3.3 ± 0.7

TM s-RPE (AU),
NST 3.6 ± 1.2 3.6 ± 0.8 3 ± 0.3 3.5 ± 0.4 2.1 ± 0.3 3.8 ± 1.1 2.8 ± 0.3 2.7 ± 0.4 2.6 ± 0.3 3.8 ± 0.7

TS s-RPE (AU),
ST 5370.6 ± 881.1 3972.5 ± 900.1 4454.0 ± 510.3 4002.1 ± 445.4 1522.6 ± 486.3 2839.1 ± 505.2 2220.8 ± 367.0 2442.1 ± 538.0 3334.9 ± 667.1 4202.4 ± 949.1

TS s-RPE (AU),
NST 5101.1 ± 934.5 4206.7 ± 954.7 4035.9 ± 541.2 3764.3 ± 472.4 2274.6 ± 512.6 3593.6 ± 535.9 3268.3 ± 389.3 8308.2 ± 570.6 3290.7 ± 707.5 3933.4 ± 1006.7

ACWR
s-RPE(AU), ST 0.9 ± 0.02 0.9 ± 0.03 1.0 ± 0.01 1.0 ± 0.03 0.8 ± 0.03 1.2 ± 0.04 1.0 ± 0.03 1.0 ± 0.03 1.0 ± 0.04 0.9 ± 0.1

ACWR s-RPE
(AU), NST 1.0 ± 0.03 0.9 ± 0.03 1.0 ± 0.01 1.0 ± 0.04 0.8 ± 0.03 1.1 ± 0.05 1.0 ± 0.04 0.9 ± 0.03 0.9 ± 0.04 1.0 ± 0.05

TM TD (AU), ST 2.7 ± 0.1 3.2 ± 0.1 4.1 ± 0.2 4.8 ± 0.3 3.7 ± 0.4 12.3 ± 2.7 3.7 ± 0.1 8.0 ± 2.5 3.6 ± 0.2 4.1 ± 0.3

TM TD (AU),
NST 2.4 ± 0.2 3.3 ± 0.1 3.8 ± 0.3 4.8 ± 0.3 3.6 ± 0.4 7.2 ± 2.9 3.5 ± 0.1 3.7 ± 2.6 3.2 ± 0.3 3.8 ± 0.4

TS TD (AU), ST 76,836.5 ± 3760.5 100,533.8 ± 5541.1 113,493.5 ± 6692.5 132,192.8 ± 10097.1 71,403.2 ± 7200.7 199,545.0 ± 39571.2 75,732.0 ± 3461.4 127,443.4 ± 30,416.6 79,449.1 ± 5330.6 104,429.4 ± 9679.7

TS TD (AU),
NST 66,845.5 ± 3988.6 92,677.9 ± 5877.2 97,736.2 ± 798.5 124,250.7 ± 10709.5 75,171.9 ± 7637.5 127,445.4 ± 41971.6 76,288.8 ± 3671.3 80,471.7 ± 32,261.7 76,347.3± 5653.9 107,630.7 ± 10,266.9

ACWR TD
(AU), ST 1.0 ± 0.02 0.9 ± 0.03 1.1 ± 0.03 1.0 ± 0.02 0.9 ± 0.01 1.1 ± 0.03 1.0 ± 0.02 1.0 ± 0.01 1.0 ± 0.01 1.0 ± 0.03

ACWR TD
(AU), NST 1.0 ± 0.02 0.9 ± 0.03 1.0 ± 0.03 1.0 ± 0.02 1.0 ± 0.01 1.1 ± 0.03 1.0 ± 0.02 1.0 ± 0.01 1.0 ± 0.01 1.0 0.03

TM HSR (AU),
ST 1.3 ± 0.06 1.4 ± 0.1 1.8 ± 0.1 1.6 ± 0.1 1.3 ± 0.3 2.1 ± 0.1 1.4 ± 0.1 1.7 ± 0.1 1.7 ± 0.2 1.9 ± 0.3

TM HSR (AU),
NST 1.3 ± 0.1 1.4 ± 0.1 1.6 ± 0.1 1.6 ± 0.1 1.6 ± 0.3 1.8 ± 0.1 1.7 ± 0.1 1.6 ± 0.2 1.6 ± 0.2 2.2 ± 1.4

TS HSR (AU),
ST 2226.2 ± 482.7 1857.1 ± 288.3 2051.2 ± 308.4 1676.5 ± 280.9 641.0 ± 205.1 1008.5 ± 185.2 768.6 ± 145.6 1003.7 ± 179.8 1044.7 ± 212.0 1269.6 ± 165.9

TS HSR (AU),
NST 1586.2 ± 512.0 1806.5 ± 305.8 1617.6 ± 327.2 1310.9 ± 297.9 811.9 ± 217.5 1253.6 ± 196.5 1132.8 ± 154.4 1140.1 ± 190.7 1245.5 ± 224.9 1479.0 ± 176.0

ACWR HSR
(AU), ST 1.0 ± 0.04 1.0 ± 0.04 0.9 ± 0.03 1.0 ± 0.05 0.7 ± 0.06 1.2 ± 0.08 1.0 ± 0.05 1.0 ± 0.3 1.0 ± 0.3 1.1 ± 0.04

ACWR HSR
(AU), NST 0.9 ± 0.04 1.0 ± 0.05 1.0 ± 0.04 1.0 ± 0.06 0.8 ± 0.06 1.2 ± 0.09 0.9 ± 0.05 1.0 ± 0.03 1.0 ± 0.03 1.0 ± 0.05

M = mesocycle; RPE = rating of perceived exertion; s-RPE = session rating of perceived exertion; TM = training monotony; TS = training strain; ACWR = acute:chronic workload ratio; AU = arbitrary units;
ST = starters; NST = non-starters.
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Figures 4–6 show the differences between mesocycles for TM, TS and ACWR calculated
through the s-RPE, TD and HSR across the in-season for the whole team.
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Overall, Figure 4A shows that the highest TMs-RPE occurred in M6 and the lowest
value occurred in M5. There only was one significant difference for TMs-RPE in M4 > M5
(ES = 0.17). The highest TSs-RPE occurred in M1 and the lowest value occurred in M5.
There was a significant difference in M1 > M5 (ES = 1.50); M3 > M5 (ES = 1.57); M4 > M5
(ES = 1.42); M5 < M8 (ES = −0.62) and <M10 (ES = −0.97).

Figure 4B shows that the highest ACWRs-RPE occurred in M6 while the lowest
ACWRs-RPE occurred in M5. There were significant differences in M1 > M5 (ES = 1.63) and
<M6 (ES = 7.60); M3 > M5 (ES = 11.75) and <M6 (ES = −10.69); M4 < M6 (ES = −1.42);
M5 < M6 (ES = −8.75), <M7 (ES = −9.35), <M8 (ES = −9.25), <M9 (ES = −8.33) and <M10
(ES = −7.17); M6 > M8 (ES = −7.25) and >M10 (ES = 5.85).

Overall, Figure 5A shows that the highest TMTD occurred in M6 and the lowest value
in M1. There were significant differences in M1 < M2 (ES = −7.80), <M3 (ES = −5.70),
<M4 (ES = −6.18), <M5 (ES = −3.81), <M6 (ES = −1.55) and <M7 (ES = −8.03); M2 < M4
(ES = −6.42); M4 > M7 (ES = −4.89) and M9 (ES = −0.93). The highest TSTD occurred in
M6 and the lowest value occurred in M2. There were significant differences in M1 < M2
(ES = −6.52), <M2 (ES = −5.35), <M3 (ES = −5.03) and <M10 (ES = −4.33); M2 < M4
(ES = −4.73), >M5 (ES = −2.92), >M7 (ES = −1.69); M3 > M5 (ES = −2.63), >M7 (ES = −1.63),
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>M9 (ES = −3.00) and M4 > M5 (ES = −1.98), >M7 (ES = −1.51), >M9 (ES = −2.00).
Additionally, M7 < M10 (ES = −3.52).
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Figure 5B shows that the highest ACWRTD value occurred in M6, while the lowest
value occurred in M5. There were significant differences in M1 > M2 (ES = −12.21) and
>M5 (ES = −17.02). M2 < M3 (ES = −12.18), <M4 (ES = −12.05), <M6 (ES = −10.95), <M7
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M5 < M6 (ES = −14.30), <M7 (ES = −16.41), <M8 (ES = −25.59), <M9 (ES = −23.62) and
<M10 (ES = −13.89).

Overall, Figure 6A showed that the highest TMHSR occurred in M6 and the lowest
value in M1. There were significant differences in M1 < M3 (ES = −5.42), < M6 (ES = −5.47).
M2 < M6 (ES = −4.95). The highest TSHSR occurred in M1 and the lowest value occurred
in M5. There were significant differences in M2 > M6 (ES = 1.55), > M5 (ES = 0.16), > M7
(ES = 0.15), > M8 (ES = 0.32) and > M9 (ES = 0.40). M3 > M5 (ES = 0.15) and > M8 (ES = 0.19).
M5 < M10 (ES = −0.79). Additionally, M7 < M10 (ES = −1.56).

In Figure 6B, the highest ACWRHSR value occurred in M6 while the lowest value
occurred in M5. There were significant differences in M3 > M5 (ES = −5.05). M5 < M6
(ES = −4.93), < M8 (ES = −5.75), < M9 (ES = −5.78) and < M10 (ES = −5.21).
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4. Discussion

The main purpose of the current study was to provide a description regarding training
monotony (TM), strain (TS) and acute/chronic workload ratio (ACWR) based on perceived
exertion, total distance (TD) and high-speed running (HSR) measures collected across
in-season soccer. A secondary goal was to compare the time-related behavior of such
metrics among starter and non-starter players. Our results in an elite European soccer
team squad showed the following: (i) in the mesocycle with a greater number of matches
disputed, higher values of various indices occurred, including either monotony (s-RPE,
TD and HSR), strain (i.e., only TD in this specific case) or ACWR (s-RPE, TD and HSR);
(ii) for all parameters considered, there were no significant differences between starters and
non-starters; (iii) despite the similarities observed, players with a distinct status showed
peak or lower values in distinct moments of the monitored period for some markers (e.g.,
lower TMs-RPE in the start and middle of the season, respectively, for non-starters and
starters); (iv) higher monotony of perceived exertion was reported in the beginning, while
for strain, it happened at the end of the season, independent of player status. In the
following paragraphs, we will discuss the role of possible increase in match congestion
on the data presented here while also accounting for the absence of differences between
starters and non-starters and the common pattern of time-related variations in training
monitoring parameters.
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According to our results, the most intense period of games notably induced increases
in monotony and ACWR (all variables) and concerning TSTD. Eight soccer fixtures were
played across one month, rendering an average of at least two per week during the
mesocycle. Indeed, this can characterize a full, congested schedule as per previous defini-
tions [22,23]. Despite the monotony of s-RPE being more than twofold above the suggested
threshold of 2 AU [10] as in the case of starters, the total duration of training sessions
decreased for such players, while the same was not valid for non-starters. This is possible
given the requirements of the latter to be more involved in active training/matches during
that moment of the season and given the likely need to rotate players. In fact, congested
fixture periods are linked to the possibility of inducing greater TS [8], whilst they can
impair physical match performance [23–25] and raise injury risk [22,26]. However, the
values for ACWR were all below 1.3, independent of player status (see Table 2), which, in
theory, may not represent exacerbated injury likelihood [27], despite the fact that such a
question lacks consensus to date (see, for example, Impellizzeri et al. [28]). Based on these
assumptions, it seems that adjustments promoted during training may help avoid worst
scenarios relating to management of players’ workloads across the most congested period
of matches in a season. However, particular attention should be paid to non-starters since
they presented a high monotony and no reduction in total training time as compared to
previous ones and aligned with a partly higher strain (i.e., TSTD) during the intense period
of games.

One key finding of the present study was that when players were grouped according
to their playing status as starters or non-starters, no significant differences were detected.
This can suggest that contemporary soccer training methods require players to respond
to stimuli delivered in a homogenous way, i.e., irrespective of whether generally starting
the games or not. Importantly, one previous work verified opposing results, considering
training TM and TS from accelerometer-derived variables, where starters showed greater
values compared to their non-starter peers [14]. In contrast, non-starters may experience
greater overall in-game physical exertion as compared to starters or players who partic-
ipated in a whole match [29], and a similar condition was verified considering the most
demanding passages of play [30]. Reports both have [31] and have not [32] confirmed
the match–training-load associations in soccer. Of note, although there was no statistical
significance here in the comparisons depending on player status, starters and non-starters
reached maximal and minimal values for various markers at distinct moments. This finding
can be related to distinct demands placed over each player across the season owing to
situational-induced variations [33] and their prominent non-linear usage. Taken together,
these assumptions could indicate that monitoring players on an individualized basis seems
necessary, accounting for whether players generally start games on the pitch or the bench.
Notwithstanding, traditional measures of workload such as TD and HSR may not be sensi-
tive enough to detect possible status-related differences in monitoring strain, monotony
and ACWR in training routines.

The findings from our investigation may assist in understanding the role of player
status in various parameters used to control training in soccer as well potentially serving
as a benchmark for future prescriptions and monitoring. Regardless of playing status
and considering just the s-RPE, training monotony peaked at the beginning of the period
(week 1), while the strain reached the largest values at the end (week 41). Such observations
are different when compared to a six-week congestive period, which found lower values
of monotony and strain in the first week, but the highest values in the last week for both
variables [34]. The present results also disagree with the idea that a high degree of strain
is often achieved when there is no competition (e.g., pre-season) [35]. High monotony
early in the period may be indicative of either a poor ability of athletes to recognize the
initial training loads or a true heavy stimulus applied, making it difficult to cope with
as per the common fitness status of players at that moment. For example, the training
session durations or strain levels were not the highest in the first week, whilst this does not
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hold true for TMs-RPE. Indeed, prior off-season training is recognized to impair physical
capacity aspects [36] and it may have contributed to the prime TMs-RPE outputs.

Aside from the aforementioned potential derived implications (e.g., informing condi-
tioning professionals on the effects of playing status and provision of reference values), a
number of limitations of the present investigation should be highlighted. With the ever
increasing energy requirements in soccer, the data gathered here may be outdated to some
extent. The mostly descriptive nature of the work may limit its practical application. The
generalizability of the results to other teams/countries, competitive standards and ages is
also not warranted and requires replication studies. Complete description of training drills
in further research can facilitate field implementation. Finally, co-variables such as match
location, results and opponent quality should be considered in future studies as previously
recommended [33].

5. Conclusions

To summarize, here, we observed across in-season soccer that spikes in training
monotony, ACWR and strain for both internal and external load parameters (except re-
garding strain) may occur during match congestion intensification in elite soccer. Most
importantly, apart from the extreme values being slightly discrepant (i.e., highest/lowest
outcomes of the monitored markers varied according to playing status), starters and non-
starters behaved equally across the period, thereby suggesting a lack of differences between
them in the adjustments of training workloads during the period. Finally, the progression
of the training cycle phases elicited distinct responses of monitoring indices, such as the
monotony of perceived exertion, which reached peak values at the early season, and major
strain was reported at the end-season stage. The results suggest that the training load
and management of load were properly addressed, despite some play-time differences
across the season. Moreover, the present study shows that it is possible to have a congested
mesocycle with eight matches with higher workloads (M6). In addition, this is the first
study to report data for the 10 mesocycles of the in-season period and could be considered
a reference for future studies.

Author Contributions: Conceptualization, R.O. and F.M.C.; methodology, R.O. and F.M.C.; software,
R.O., A.M. and M.N.; validation, R.O., A.M. and J.P.B.; formal analysis, R.O. and M.N.; investigation,
R.O., L.H.P.V., A.M., J.P.B., M.N., B.M. and F.M.C.; resources, R.O., L.H.P.V., A.M., J.P.B., B.M. and
F.M.C.; data curation, B.M.; writing—original draft preparation, R.O., L.H.P.V., A.M. and F.M.C.;
writing—review and editing, R.O., L.H.P.V., A.M., J.P.B. and F.M.C.; visualization, R.O., L.H.P.V.,
A.M., J.P.B. and F.M.C.; supervision, R.O., A.M. and F.M.C.; project administration, R.O. and J.P.B.;
funding acquisition, R.O. and J.P.B. All authors have read and agreed to the published version of
the manuscript.

Funding: This research was funded by the Portuguese Foundation for Science and Technology, I.P.,
Grant/Award Number UIDP/04748/2020.

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki and approved by the Ethics Committee of Polytechnic Institute of Santarém
(252020Desporto).

Informed Consent Statement: Written informed consent was obtained from the participants to
publish this paper.

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

Acknowledgments: Luiz H. Palucci Vieira: ongoing PhD fellowship provided by São Paulo Research
Foundation—FAPESP, under process number (2018/02965-7). “The opinions, hypotheses and conclu-
sions or recommendations expressed in this material are the responsibility of the authors and do not
necessarily reflect the views of FAPESP”. Additionally, the authors would like to thank the team’s
coaches and players for their cooperation during all data collection procedures.



Medicina 2021, 57, 645 14 of 15

Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the design
of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript, or
in the decision to publish the results.

References
1. Hader, K.; Rumpf, M.C.; Hertzog, M.; Kilduff, L.P.; Girard, O.; Silva, J.R. Monitoring the Athlete Match Response: Can External

Load Variables Predict Post-match Acute and Residual Fatigue in Soccer? A Systematic Review with Meta-analysis. Sports Med.
2019, 5, 48. [CrossRef]

2. 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]

3. Djaoui, L.; Haddad, M.; Chamari, K.; Dellal, A. Monitoring training load and fatigue in soccer players with physiological markers.
Physiol. Behav. 2017, 181, 86–94. [CrossRef]

4. Rago, V.; Brito, J.; Figueiredo, P.; Costa, J.; Barreira, D.; Krustrup, P.; Rebelo, A. Methods to collect and interpret external training
load using microtechnology incorporating GPS in professional football: A systematic review. Res. Sports Med. 2019, 28, 437–458.
[CrossRef]

5. Boullosa, D.; Casado, A.; Claudino, J.G.; Jiménez-Reyes, P.; Ravé, G.; Castaño-Zambudio, A.; Lima-Alves, A.; de Oliveira, S.A.;
Dupont, G.; Granacher, U.; et al. Do you Play or Do you Train? Insights from Individual Sports for Training Load and Injury Risk
Management in Team Sports Based on Individualization. Front. Physiol. 2020, 11, 995. [CrossRef] [PubMed]

6. Moalla, W.; Fessi, M.S.; Farhat, F.; Nouira, S.; Wong, D.P.; Dupont, G. Relationship between daily training load and psychometric
status of professional soccer players. Res. Sports Med. 2016, 24, 387–394. [CrossRef] [PubMed]

7. Manzi, V.; D’Ottavio, S.; Impellizzeri, F.M.; Chaouachi, A.; Chamari, K.; Castagna, C. Profile of Weekly Training Load in Elite
Male Professional Basketball Players. J. Strength Cond. Res. 2010, 24, 1399–1406. [CrossRef]

8. Jaspers, A.; Brink, M.S.; Probst, S.G.M.; Frencken, W.G.P.; Helson, W.F. Relationships Between Training Load Indicators and
Training Outcomes in Professional Soccer. Sports Med. 2017, 47, 533–544. [CrossRef] [PubMed]

9. Hulin, B.T.; Gabbett, T.J.; Lawson, D.W.; Caputi, P.; Sampson, J.A. The acute:chronic workload ratio predicts injury: High chronic
workload may decrease injury risk in elite rugby league players. Br. J. Sports Med. 2016, 50, 231–236. [CrossRef]

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

11. Nobari, H.; Praça, G.M.; Clemente, F.M.; Pérez-Gómez, J.; Carlos Vivas, J.; 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.
Proceed. Inst. Mech. Eng. Part P J. Sports Eng. Technol. 2021, 235, 105–113. [CrossRef]

12. Dalen, T.; Lorås, H. Monitoring Training and Match Physical Load in Junior Soccer Players: Starters versus Substitutes. Sports
2019, 7, 70. [CrossRef]

13. Nobari, H.; Oliveira, R.; Clemente, F.M.; Adsuar, J.C.; Pérez-Gómez, J.; Carlos-Vivas, J.; Brito, J.P. Comparisons of Accelerometer
Variables Training Monotony and Strain of Starters and Non-Starters: A Full-Season Study in Professional Soccer Players. Int. J.
Environ. Res. Public Health 2020, 17, 6547. [CrossRef]

14. Foster, C.; Florhaug, J.A.; Lori Gottschall, J.F.; Hrovatin, L.A.; Parker, S.; Doleshal, C.D.P. CBI-CDPBO1 and CBI-CDPBI1: CC-1065
analogs containing deep-seated modifications in the DNA binding subunit. J. Strength Cond. Res. 2001, 15, 109–115. [CrossRef]

15. Foster, C.; Hector, L.L.; Welsh, R.; Schrager, M.; Green, M.A.; Snyder, A.C. Effects of specific versus cross-training on running
performance. Eur. J. App. Physiol. Occup. Physiol. 1995, 70, 367–372. [CrossRef] [PubMed]

16. Beato, M.; Devereux, G.; Stiff, A. Validity and reliability of global positioning system units (STATSports Viper) for measuring
distance and peak speed in sports. J. Strength Cond. Res. 2018, 32, 2831–2837. [CrossRef]

17. Clemente, F.M.; Silva, R.; Castillo, D.; Los Arcos, A.; 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]

18. Dalen-Lorentsen, T.; Bjørneboe, J.; Clarsen, B.; Vagle, M.; Fagerland, M.W.; Andersen, T.E. Does load management using the acute:
Chronic workload ratio prevent health problems? A cluster randomised trial of 482 elite youth footballers of both sexes. Br. J.
Sports Med. 2021, 55, 108–114. [CrossRef]

19. Impellizzeri, F.M.; Wookcock, S.; Coutts, A.J.; Fanchini, M.; McCall, A.; Vigotsky, A.D. Acute to random workload ratio is ‘as’
associated with injury as acute to actual chronic workload ratio: Time to dismiss ACWR and its components. SportRxiv 2020.
[CrossRef]

20. Myers, N.L.; Aguilar, K.V.; Mexicano, G.; Farnsworth, J.L.; Knudson, D.; Kibler, W.B.E.N. The Acute:Chronic Workload Ratio Is
Associated with Injury in Junior Tennis Players. Med. Sci. Sports Exerc. 2020, 52, 1196–1200. [CrossRef]

21. Hopkins, W.G.; Marshall, S.W.; Batterham, A.M.; Hanin, J. Progressive statistics for studies in sports medicine and exercise
science. Med. Sci. Sports Exerc. 2009, 41, 3–13. [CrossRef]

22. Dupont, G.; Nedelec, M.; McCall, A.; McCormack, D.; Berthoin, S.; Wisløff, U. Effect of 2 soccer matches in a week on physical
performance and injury rate. Am. J. Sports Med. 2010, 38, 1752–1758. [CrossRef]

23. Lago-Peñas, C.; Rey, E.; Lago-Ballesteros, J.; Casáis, L.; Domínguez, E. The influence of a congested calendar on physical
performance in elite soccer. J. Strength Cond. Res. 2011, 25, 2111–2117. [CrossRef] [PubMed]

http://doi.org/10.1186/s40798-019-0219-7
http://doi.org/10.1123/ijspp.2018-0935
http://doi.org/10.1016/j.physbeh.2017.09.004
http://doi.org/10.1080/15438627.2019.1686703
http://doi.org/10.3389/fphys.2020.00995
http://www.ncbi.nlm.nih.gov/pubmed/32973548
http://doi.org/10.1080/15438627.2016.1239579
http://www.ncbi.nlm.nih.gov/pubmed/27712094
http://doi.org/10.1519/JSC.0b013e3181d7552a
http://doi.org/10.1007/s40279-016-0591-0
http://www.ncbi.nlm.nih.gov/pubmed/27459866
http://doi.org/10.1136/bjsports-2015-094817
http://doi.org/10.1097/00005768-199807000-00023
http://doi.org/10.1177/1754337120974873
http://doi.org/10.3390/sports7030070
http://doi.org/10.3390/ijerph17186547
http://doi.org/10.1016/0968-089600066-P
http://doi.org/10.1007/BF00865035
http://www.ncbi.nlm.nih.gov/pubmed/7649149
http://doi.org/10.1519/JSC.0000000000002778
http://doi.org/10.3390/ijerph17093300
http://www.ncbi.nlm.nih.gov/pubmed/32397398
http://doi.org/10.1136/bjsports-2020-103003
http://doi.org/10.31236/osf.io/e8kt4
http://doi.org/10.1249/MSS.0000000000002215
http://doi.org/10.1249/MSS.0b013e31818cb278
http://doi.org/10.1177/0363546510361236
http://doi.org/10.1519/JSC.0b013e3181eccdd2
http://www.ncbi.nlm.nih.gov/pubmed/21572352


Medicina 2021, 57, 645 15 of 15

24. Julian, R.; Page, R.M.; Harper, L.D. The Effect of Fixture Congestion on Performance During Professional Male Soccer Match-Play:
A Systematic Critical Review with Meta-Analysis. Sports Med. 2021, 51, 255–273. [CrossRef] [PubMed]

25. Zanetti, V.; Carling, C.; Aoki, M.S.; Bradley, P.S.; Moreira, A. Are There Differences in Elite Youth Soccer Player Work Rate Profiles
in Congested vs. Regular Match Schedules? J. Strength Cond. Res. 2021, 35, 473–480. [CrossRef]

26. Dellal, A.; Lago-Peñas, C.; Rey, E.; Chamari, K.; Orhant, E. The effects of a congested fixture period on physical performance,
technical activity and injury rate during matches in a professional soccer team. Br. J. Sports Med. 2015, 49, 390–394. [CrossRef]

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

28. Impellizzeri, F.M.; Woodcock, S.; Coutts, A.J.; Fanchini, M.; McCall, A.; Vigotsky, A.D. What Role Do Chronic Workloads Play
in the Acute to Chronic Workload Ratio? Time to Dismiss ACWR and Its Underlying Theory. Sports Med. 2021, 51, 581–592.
[CrossRef]

29. Gai, Y.; Volossovitch, A.; Leicht, A.S.; Gómez, M.-Á. Technical and physical performances of Chinese Super League soccer players
differ according to their playing status and position. Int. J. Perform. Anal. Sport 2019, 19, 878–892. [CrossRef]

30. Fereday, K.; Hills, S.P.; Russell, M.; Smith, J.; Cunningham, D.J.; Shearer, D.; McNarry, M.; Kilduff, L.P. A comparison of rolling
averages versus discrete time epochs for assessing the worst-case scenario locomotor demands of professional soccer match-play.
J. Sci. Med. Sport 2020, 23, 764–769. [CrossRef]

31. Modric, T.; Versic, S.; Sekulic, D. Relations of the Weekly External Training Load Indicators and Running Performances in
Professional Soccer Matches. Sport Mont. 2021, 19, 31–37.

32. Clemente, F.M.; Rabbani, A.; Conte, D.; Castillo, D.; Afonso, J.; Truman Clark, C.C.; Nikolaidis, P.T.; Rosemann, T.; Knechtle, B.
Training/Match External Load Ratios in Professional Soccer Players: A Full-Season Study. Int. J. Environ. Res. Public Health 2019,
16, 3057. [CrossRef]

33. Gonçalves, L.G.C.; Kalva-Filho, C.A.; Nakamura, F.Y.; Rago, V.; Afonso, J.; Bedo, B.L.D.S.; Aquino, R. Effects of Match-Related
Contextual Factors on Weekly Load Responses in Professional Brazilian Soccer Players. Int. J. Environ. Res. Public Health 2020,
17, 5163. [CrossRef]

34. Saidi, K.; Zouhal, H.; Rhibi, F.; Tijani, J.M.; Boullosa, D.; Chebbi, A.; Hackney, A.C.; Granacher, U.; Bideau, B.; Abderrahman, A.B.
Effects of a six-week period of congested match play on plasma volume variations, hematological parameters, training workload
and physical fitness in elite soccer players. PLoS ONE 2019, 14, e0219692. [CrossRef]

35. 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] [PubMed]

36. Silva, J.R.; Brito, J.; Akenhead, R.; Nassis, G.P. The transition period in soccer: A window of opportunity. Sports Med. 2016, 46,
305–313. [CrossRef]

http://doi.org/10.1007/s40279-020-01359-9
http://www.ncbi.nlm.nih.gov/pubmed/33068272
http://doi.org/10.1519/JSC.0000000000002702
http://doi.org/10.1136/bjsports-2012-091290
http://doi.org/10.1136/bjsports-2015-095788
http://doi.org/10.1007/s40279-020-01378-6
http://doi.org/10.1080/24748668.2019.1669356
http://doi.org/10.1016/j.jsams.2020.01.002
http://doi.org/10.3390/ijerph16173057
http://doi.org/10.3390/ijerph17145163
http://doi.org/10.1371/journal.pone.0219692
http://doi.org/10.3389/fnins.2017.00612
http://www.ncbi.nlm.nih.gov/pubmed/29163016
http://doi.org/10.1007/s40279-015-0419-3

	Introduction 
	Materials and Methods 
	Subjects 
	Design 
	Internal Training Load Quantification 
	External Training Load Quantification 
	Calculations of Training Indexes 
	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 
	References

