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Abstract

Background: This study’s aim was twofold: (i) to compare starters and non-starters on a professional soccer team in terms of variations
in training intensity indexes across a season, calculated through total distance, sprint distance, accelerations (Acc), and decelerations
(Dec) and (ii) to analyse the relationship between the intensity indexes for each playing status. Methods: Nineteen players (age, 29.4 +
4.4 years; height, 1.8 = 0.1 m; body mass, 74.8 £ 2.3 kg) were divided into starters and non-starters and followed for 43 weeks using
global positioning systems. Results: Training intensity measures (acute:chronic workload ratio [ACWR], coupled and uncoupled) were
higher during the latter stage of the season. Total distance peaked during the mid-season, whereas the highest value for exponentially
weighted moving average (EWMA) was recorded later in the season. Interestingly, the EMWA of total distance showed little variation
during the season for players of both playing statuses. The EWMA of total distance showed a significant higher value for starters than
non-starters (p = 0.036; g = 1.27 [0.31, 2.32]). The interruption in games between week 34 and week 35 due to COVID-19 moved some
measures into the injury risk zone — namely, the ACWR coupled of sprint distance and Dec; the ACWR uncoupled of total distance,
sprint distance, Acc, Dec; and the EWMA of sprint distance, Acc and Dec. Conclusions: The highest training intensity measures were
reported late in the season and were similar between starters and non-starters. Across the season, only one difference between starters
and non-starters occurred, revealing that training intensity was properly managed throughout the season regardless of the status of the
players.
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1. Introduction of the previous and current seven-day periods (acute load)
with the load of the last four weeks (28 days, chronic load)
[7,8], while the uncoupled ACWR does not consider the
most recent week of chronic load [5]. In addition, EWMA
provides greater emphasis on the most recent training by as-
signing a decreasing weighting for each older training value

across the different weeks.

The quantification of external training intensity/load
in soccer has been shown to help analyse intra- and inter-
week variations in a player’s training schedule [ 1], thus pro-
viding relevant information to coaches so they can better
periodise training sessions and matches across the season
[2,3]. Previously, the term “load” was used to describe the
intensity of training sessions and matches, but it was re-
cently suggested to use the term “intensity” instead [4]. For
clarity, this paper uses the term “intensity” instead of “load”
or “workload”, except when they are part of another term,

One of the intentions for calculating the ACWR was
to identify individuals at risk of injury but there has been
considerable debate about the limitations of such methods
[9,10].

such as “acute:chronic load/workload”.

Intra- and inter-week variations could be analysed
through some indexes such as the coupled or uncoupled
acute:chronic workload ratio (ACWR) [5] and the exponen-
tially weighted moving average (EWMA) [6]. For instance,
coupled ACWR expresses the relationship of the intensity

In this sense, external intensity could be associated
with measures collected by video-based systems, iner-
tial measurements units, and global positioning systems
(GPSs). For instance, GPSs can measure total distance
(TD) and different running distance thresholds, accelera-
tions (Acc), and decelerations (Dec) [5], which can be used
to calculate ACWR or EWMA.
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Recently, some of these indexes have been shown to
be influenced by contextual factors, such as playing status
(i.e., whether a player is a starter or non-starter). For ex-
ample, recent studies found greater values for starters than
non-starters early in the season according to calculations
of ACWR based on GPS-derived body load [11,12]. Con-
trary to this, Oliveira et al. [13] did not find any signifi-
cant differences between playing status across 10 mesocy-
cles of the in-season period according to ACWR data cal-
culated based on session-RPE, (TD and high-speed running
distance. In young soccer players, one study found higher
ACWR of session-RPE values in the early than the mid-
season and higher values in the mid-season than the end-
season [14]. Another study found similar values between
starters and non-starters across 10 months/mesocycles dur-
ing the in-season period [15].

Moreover, recent research analysed the differences be-
tween playing statuses based on several metrics, such as
monotony, strain, and accumulated intensity of specific pe-
riods of the season; they all found higher values in starters
than non-starters [ 16—18]. However, one study did not con-
firm such differences between playing statuses, finding val-
ues for starters and non-starters across the season [13].

Moreover, we could not find any studies that anal-
ysed playing statuses while considering EWMA, coupled
ACWR, and uncoupled ACWR calculated using GPSs
based on the measures of TD, sprint distance, Acc and Dec.
Furthermore, the relationships between different indexes
calculated by the several high-intensity measures could im-
prove training and match soccer data interpretations, which,
in turn, would aid coaches’ periodisation of practice inten-
sity throughout the season, helping players avoid fatigue
and improve performance for competitions.

Based on the above discussion, the aims of this study
were: (i) to compare the variations of ACWR coupled,
ACWR uncoupled, and EWMA based on TD, sprint dis-
tance, Acc and Dec across different periods of a profes-
sional soccer season (pre-, early-, mid-, and end-season) be-
tween playing statuses (starters and non-starters) and (ii) to
analyse the relationships among the aforementioned mea-
sures across the entire season for both playing statuses. We
hypothesised that the weekly variations in starters would
be greater than in non-starters and that starters would with-
stand more acute and chronic intensities than non-starters
in all periods of the season.

2. Materials and Methods
2.1 Participants

Nineteen professional soccer players from the First
League of Iran (Asian) were analysed. They were divided
into two groups: starters (n= 10, age 28.5 + 4.2 years, 1.83
4 0.05 m, and 74.8 £ 3.6 kg) and non-starters (n = 9, age
26.4 £+ 5.1 years, 1.7 £ 0.06 m, and 74.2 £ 4.1 kg). The in-
clusion criteria consisted of participating in at least 80% of
the weekly training sessions as previously outlined in the lit-

erature [19]. Per the exclusion criteria, players with injuries
or who missed training sessions during two or more consec-
utive weeks were removed from the analysis. In addition,
goalkeepers were excluded due to the positional differences
with other field players.

Players needed to have competed for at least 60 min-
utes in three consecutive matches to be considered a starter;
all other players were defined as non-starters [20].

2.2 Design

A descriptive longitudinal design was considered for
this study that included the analysis of 43 consecutive
weeks (229 main training sessions). No rehabilitation or re-
covery sessions were considered for analysis. Training pro-
tocols were developed and applied by the coach and staff,
while the researchers controlled only the 30 minutes before
and after each training session.

The study period began on June 17, 2019, and lasted
until April 12, 2020. The present season was organised
as follows: pre-season (Weeks 1-4); early-season (Weeks
5-17); mid-season (Weeks 18-30); and end-season (Weeks
31-43) (Table 1). It should be highlighted that the league
matches were cancelled on Weeks 34 and 35 due to the out-
break of the COVID-19 pandemic.

Information about the weeks, sessions, duration, and
matches in the present study is provided in Table 1.

2.3 External Intensity Monitoring

During the season, all sessions were monitored us-
ing GPSs (GPSports Systems Pty Ltd, Model: SPI High-
Performance Unit (HPU); Australia). This system includes
the following features: 15 Hz location GPS, distance, and
speed measurement; acceleration: 100 Hz, acceleration and
deceleration, data source BL; Mag: 50 Hz, TriAxial; di-
mensions: the smallest device on the market (74 mm x 42
mm x 16 mm); robust SPI HPU based on mining/industrial
strength electronic design; waterproof and data transfer; in-
frared; weight 56 g [21]. This GPS was previously shown
to be valid and reliable [21]. In addition, this GPS model
presented high reliability with a low coefficient of variation
(1.87-2.21%) for acceleration-based variables [22].

Before all sessions, belts were placed on the players,
and after the sessions, all belts were taken off and put in the
dock system. This procedure allowed the data to be down-
loaded and analysed with Team Aggregated Multiservices
Solutions software. The SPI IQ Absolutes were adjusted
the for GPS default zone. Each player used the same GPS to
avoid possible data variability. After the data collection pe-
riod, TD, sprint distance (>23 km-h™ 1), accelerations (Acc,
>4 m/s?) and decelerations (Dec, <—4 m/s?) were consid-
ered for analysis. Acc and Dec zones were defined accord-
ing to the previous research [23].
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Table 1. Description of the study.

Phases of the season Pre-season  Early-season = Mid-season  End-season
Number of weeks 4 13 13 13
Training sessions (n) 23 50 46 62
Training duration, average minutes, ST 81.5 67.5 61.0 64.0
Training duration, average minutes, NST 81.6 69.4 69.4 64.5
Training duration, total minutes, ST 485.3 307.1 255.6 290.0
Training duration, total minutes, NST 510.5 305.5 248.6 280.3
Number of matches (N) 3* 16 17 12

Abbreviations: *, friendly matches; ST, starters; NST, non-starters.

2.4 Calculations of Training Indexes

Based on TD, sprint distance, Acc and Dec, the fol-
lowing indexes were calculated: (i) ACWR, using the cou-
pled formula by dividing the acute workload (i.e., the one-
week rolling workload data) by the chronic workload (i.e.,
the rolling four-week average workload data) [24-28]; (ii)
ACWR using the uncoupled formula by dividing the weekly
acute workload (i.e., the accumulated daily loads during
one week) by the weekly chronic load (i.e., the average of
the three preceding weeks) [6]; and (iii) EWMA [8]. The
EWMA for any given day was calculated as follows:

EWMAmday = Loadtoday X)\a+
((1 - )\a) X EWMAyesterday)

where ), is a value between 0 and 1 that represents the de-
gree of decay, with higher values indicating older observa-
tions in the model at a faster rate. The variable )\, is calcu-
lated as:

Mo =2/(N +1)

here N is the chosen time decay constant, typically 7 and
28 days for acute (‘fatigue’) and chronic (‘fitness’) loads,
respectively [8,29].

2.5 Statistical Analysis

All statistical procedures were performed using IBM
SPSS Statistics (version 22, IBM Corporation, SPSS Inc.,
Chicago, IL, USA). The sample was characterized through
descriptive statistics (mean + standard deviation (SD)).
Then, a Shapiro-Wilk test was run to evaluate the normal-
ity of data. After confirming normality, the relationship be-
tween all variables was tested using the Pearson product-
moment correlation coefficient () [30]. The effect sizes
of the correlations were defined as follows: <0.1 = trivial;
0.1-0.3 = small; >0.3-0.5 = moderate; >0.5-0.7 = large;
>0.7-0.9 = very large; and >0.9 = nearly perfect [27].

In addition, we used a repeated-measures ANOVA test
and Bonferroni post-hoc test to compare variables for all in-
season periods and both playing status groups. The signif-
icance level was set to p < 0.05. Finally, Hedge’s g effect
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size was also determined based on the following criteria: g
< 0.2, trivial; 0.2 < g < 0.6, small; 0.6 < g < 1.2, moder-
ate; 1.2 < g < 2.0, large; 2.0 < g < 4.0, very large; and g
> 4.0, nearly perfect [31].

3. Results

Figs. 1,2,3,4 show an overview of the weekly averages
for ACWR coupled, ACWR uncoupled, and EWMA cal-
culated based on TD, sprint distance, Acc, and Dec for dif-
ferent periods of a professional soccer season (pre-season,
early-season, mid-season, and end-season).

Table 2 presents differences between the two playing
statuses during all periods of the season for all variables.
The only significant difference was found in EWMA based
on TD. The value of this variable was significantly higher
for starters than non-starters (p = 0.036; g = 1.27 [0.31,
2.32)).

Table 3 shows the correlation coefficients of all mea-
sures considered in the study for starters.

Table 4 shows the correlation coefficients of all mea-
sures in the study for non-starters.

4. Discussion

The primary aim of the present study was to com-
pare starters and non-starters in terms of variations in train-
ing intensity indexes calculated throughout a soccer sea-
son according to TD, sprint distance, Acc, and Dec. The
secondary aim was to analyse the relationship between the
training indexes for starters and non-starters. The results
revealed significant differences between starters and non-
starters, supporting the first hypothesis. In line with the sec-
ond hypothesis, there were correlations between the vari-
ables measured in different periods.

According to Figs. 1,2,3, most of the increases in the
ACWR of the parameters under consideration (TD, sprint
distance, Acc, Dec) occurred during the end-season. How-
ever, although the largest number of matches were played in
the mid-season, most training sessions occurred in the end-
season; thus, the volume and model of training were likely
adjusted reflecting an increase in these measures (TD, sprint
distance, Acc, Dec). Furthermore, the two-week break that
took place due to the outbreak of the COVID-19 pandemic
occurred in the end-season, which affected the type and vol-
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Fig. 1. ACWR coupled (A), ACWR uncoupled (B), and EWMA (C) variations calculated based on TD across 43 weeks for starters
and non-starters.

ume of players’ training to prevent their performance from  control the training intensity parameters, such as players’
declining. Although, in theory, the ACWR may not be able wellness, as doing so can affect perceived intensity and in-
to detect higher injury risk, it can be useful to check an in-  jury [19,32,33], running rate, and other parameters, thereby
dividual’s progress with their training prescription. It will  preventing non-contact injuries and get better results during
be very useful to check the ACWR in the settings of an in- dense training periods [15,34].

dividual training program during a season to determine and
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Fig. 2. ACWR coupled (A), ACWR uncoupled (B), and EWMA (C) variations calculated based on sprint distance across 43 weeks

for starters and non-starters.

As soccer involves different energy systems and a  ers’ progress, training trajectory, and competition status, as

combination of complex tactical/technical characteristics, well as to improve the design of training regimens based on
there is a benefit for constant intensity monitoring particu- tactical demands and team needs [34,35].

larly during training and intense competition [35]. Regu-

larly monitoring intensity allows coaches to monitor play- According to Fig. 2, ACWR coupled, ACWR uncou-

pled, and EWMA values based on sprint distance were
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Fig. 3. ACWR coupled (A), ACWR uncoupled (B), and EWMA (C) variations calculated based on Acc across 43 weeks for

starters and non-starters.

higher at the end-season after the outbreak of the COVID-
19 pandemic than at any other time of the season. A prob-
able reason for this finding is that the players experienced
less fatigue, possessed high readiness after the training in-
tensity had been reduced for two weeks; the high intensity
of the exercises they experienced in the mid-season as a re-

sult of high speeds in sprints and changes or duration of ball
possession may have played a role [36].

Considering the effect sizes and significance levels
shown in Table 2, EWMA in TD throughout the season
showed a significantly higher value for starters than non-
starters. Since the highest number of matches occurred dur-
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Fig. 4. ACWR coupled (A), ACWR uncoupled (B), and EWMA (C) variations calculated based on Dec across 43 weeks for

starters and non-starters.

ing the mid-season, starters experienced more pressure than
non-starters, which could explain this difference in TD.
According to the information in Tables 3 and 4, a weak
and (in most cases) negative correlation between ACWR
coupled, ACWR uncoupled, and EWMA of the parame-
ters under consideration (TD, sprint distance, Acc, and Dec)
was recorded for starters in all periods. For non-starters, a
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large and mostly positive correlation was recorded between
the ACWR coupled, ACWR uncoupled, and EWMA values
of the parameters under consideration (TD, sprint distance,
Acc, and Dec) in all periods.

In a previous study, it was found that both coupled
and uncoupled ACWRs produce the same likelihood of in-
jury [37]. ACWR coupled and uncoupled should not be
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Table 2. Differences between starters and non-starters during different periods of the season.

Measure Pre-season Early-season Mid-season End-season Total-Season
(Mean + SD) (Mean + SD) (Mean + SD) (Mean &+ SD)  (Mean + SD)
ACWR CP TD (AU), ST 0.92 + 0.04 0.96 + 0.02 1.00 4 0.03 1.00 + 0.04 0.97 + 0.01
ACWR CP TD (AU), NST 0.89 £+ 0.05 0.96 + 0.03 0.99 +0.03 0.99 + 0.04 0.96 + 0.01
ACWR UCP TD (AU), ST 0.92 £+ 0.09 0.97 + 0.04 1.06 + 0.04 1.07 £+ 0.09 1.00 + 0.03
ACWR UCP TD (AU), NST 0.88 + 0.08 0.99 +0.03 1.08 £ 0.06 1.02 £ 0.06 0.99 £+ 0.03
EWMA TD (AU), ST 0.99 £+ 0.05 0.82 +0.72 0.87 &+ 0.05# 0.98 +0.10 0.91 £ 0.06
EWMA TD (AU), NST 0.98 + 0.03 0.78 + 0.06 0.79 + 0.07 0.96 £+ 0.09 0.88 £ 0.05
ACWR CP SPRINT (AU), ST 0.89 £+ 0.09 0.91 + 0.06 1.03 + 0.07 1.13 +0.09 0.99 +0.03

ACWR CP SPRINT (AU), NST 0.88 £ 0.09 0.94 £+ 0.08 1.01 £ 0.08 1.09 £ 0.07 0.98 £ 0.03
ACWR UCP SPRINT (AU), ST 0.97 £0.17 1.00 £ 0.09 1.25 £0.19 1.47 £0.26 1.17 £ 0.08
ACWR UCP SPRINT (AU), NST ~ 0.98 £ 0.28 1.02 £0.12 1.14 £0.15 1.32 £ 0.09 1.12 £ 0.08

EWMA SPRINT (AU), ST 1.00 £ 0.72 0.73 £0.12 0.80 £+ 0.09 1.29 £+ 0.08 0.95 £ 0.08
EWMA SPRINT (AU), NST 1.03 £0.13 0.74 £ 0.16 0.73 £0.16 1.23 £0.16 0.93 £0.12
ACWR CP Acc (AU), ST 1.07 £ 0.09 0.95 £+ 0.04 1.01 £ 0.04 1.14 + 0.07 1.04 + 0.04
ACWR CP Acc (AU), NST 0.99 £0.12 0.96 £+ 0.02 1.02 + 0.04 1.13 £ 0.04 1.02 £ 0.03
ACWR UCP Acc (AU), ST 1.20 £ 0.24 0.99 £+ 0.06 1.11 £ 0.08 1.34 £0.13 1.16 & 0.07
ACWR UCP Acc (AU), NST 1.10 £ 0.27 1.00 £ 0.03 1.10 £ 0.08 1.29 £ 0.08 1.12 £ 0.07
EWMA Acc AU), ST 1.07 £ 0.07 1.00 £ 0.17 0.84 £0.11 1.25£0.13 1.04 £ 0.07
EWMA Acc (AU), NST 1.07 £0.12 0.92 £ 0.15 0.79 £ 0.12 1.20 £0.19 0.99 £+ 0.09
ACWR CP Dec (AU), ST 091 £0.17 1.00 £ 0.07 1.02 £ 0.04 1.14 £ 0.09 1.02 £+ 0.04
ACWR CP Dec (AU), NST 0.87 £0.14 1.00 £ 0.05 0.99 £+ 0.07 1.14 £ 0.07 1.00 £ 0.04
ACWR UCP Dec (AU), ST 0.96 £ 0.32 1.09 £0.10 1.11 £ 0.05 1.38 £0.18 1.14 £ 0.08
ACWR UCP Dec (AU), NST 091 £0.27 1.07 £ 0.09 1.08 £ 0.10 1.40 +0.18 1.12 + 0.08
EWMA Dec (AU), ST 1.00 £ 0.15 1.00 £ 0.17 0.94 £+ 0.09 1.38 £0.15 1.08 £ 0.09
EWMA Dec (AU), NST 0.99 £0.13 0.94 £ 0.25 0.89 £ 0.17 1.33 £0.18 1.04 +0.14

Significant differences between starters and non-starters are highlighted in bold (p < 0.05). Abbreviations: ACWR,
acute:chronic workload ratio, EWMA, exponentially weighted moving averages; CP, coupled; UCP, uncoupled; ST,
starters; NST, non-starters; TD, total distance; SPRINT, sprint distance; Acc, accelerations; Dec, decelerations; #, large

effect.
Table 3. Correlation analysis between measures during the season for starters.
Measure 80 Bl g2 B3 B4 BS B6 BT BS B9 Blo Bll
ACWR CP TD (B0) 1.00
ACWR UCP TD (81) 0.818§ 1.00
EWMA TD (52) 0.649# 0.669# 1.00

ACWR CP SPRINT (83) 0.037 —0.329 —0.505 1.00
ACWR UCP SPRINT (84) —0.147 —0.210 —0.671# 0.509 1.00

EWMA SPRINT (85) —0.313 -0.617 —0.679# 0.755§ 0.506 1.00

ACWR CP Acc (86) 0.217 0.169 -0.384 0.371 0.627 0.223 1.00

ACWR UCP Acc (87) 0.248 0.238 -0.261 0.362 0.442 0.044 0.927£ 1.00

EWMA Acc (88) —0.186 —0.179 —0.521 0.377 0.348 0.441 0.779§ 0.753§ 1.00

ACWR CP Dec (89) 0.436 0.299 0.489 0.034 —0.351 0.106 —0.005 0.001 0.093 1.00

ACWR UCP Dec (510) 0.548 0.532 0.492 —-0.100 —0.193 0.001 0.201 0.145 0.177 0.919£ 1.00

EWMA Dec (511) 0.300 0.153 0.438 0.117 —0.459 0.526 —0.155 —0.168 0.125 0.869§ 0.756§ 1.00

Significant correlations (p < 0.05) are highlighted in bold. Abbreviations: ACWR, acute: chronic workload ratio; EWMA,
exponentially weighted moving averages; CP, coupled; UCP, uncoupled; ST, starters; NST, non-starters; TD, total distance;
SPRINT, sprint distance; Acc, accelerations; Dec, decelerations; *, moderate effect; #, large effect.; §, very large effect; £,

nearly perfect effect.

used separately to prescribe training intensity for players. as their readiness, well-being, health, and fitness measures
Interpretations of ACWR information should consider fac- [19,32,33].
tors related to each player’s responses to intensity, such
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Table 4. Correlation coefficient of all measures for the non-starter’s status.

Measure B0 Bl B2 B3 B4 BS pB6 BT B8 B9 Bl0 Bl
ACWR CP TD (80) 1.00

ACWR UCP TD (31) 0.942¢ 1.00

EWMA TD (52) 0.814§ 0.789§ 1.00

ACWR CP SPRINT (83) —0.035 —0.034 0.441 1.00

ACWR UCP SPRINT (84) -0.053 0.003 0.470 0.918¢ 1.00

EWMA SPRINT (35) 0.287 0.268 0.756§ 0.823§ 0.857§ 1.00

ACWR CP Acc (36) 0.698# 0.645 0.695¢ 0.102 0..132 0.297 1.00

ACWRUCP Acc (7)  0.644 0.612 0.607 —0.098 —0.004 0.264 0.865§ 1.00

EWMA Acc (58) 0.548 0.586 0.785§ 0.312 0.329 0.556 0.790§ 0.760§ 1.00

ACWR CP Dec (89) 0.673# 0.567 0.830§ 0.434 0.464 0.667# 0.795§ 0.758§ 0.710 1.00

ACWR UCP Dec (810)  0.426 0.382 0.709§ 0.582 0.682 0.687# 0.605 0.503 0.572 0.892§ 1.00
EWMA Dec (311) 0.510 0.426 0.790§ 0.548 0.588 0.781§ 0.747§ 0.748§ 0.757§ 0.949¢ 0.834§ 1.00

Correlations (p < 0.05) are highlighted in bold. Abbreviations: ACWR, acute: chronic workload ratio; EWMA, expo-
nentially weighted moving averages; CP, coupled; UCP, uncoupled; ST, starters; NST, non-starters; TD, total distance;

SPRINT, sprint distance; Acc, accelerations; Dec, decelerations; *, moderate effect; #, large effect.; §, very large effect; £,

nearly perfect effect.

The present study has some limitations that need to be
addressed. This study included a small sample of players
from a single professional team; such a limitation is com-
monly reported in longitudinal studies conducted over a full
professional sports season. Also, differences between play-
ing positions were not analysed, even though in tactics and
game systems, players in wing positions and wide defend-
ers exert more effort and run more than other players [32].
Future studies should consider the amount of sleep and the
quality of nutrition of players during each week to see if
these factors impact the quality of training.

5. Conclusions

It seems that using ACWR coupled, ACWR uncou-
pled, and EWMA based on TD, sprint distance, Acc, and
Dec across different periods of a professional soccer sea-
son is a useful way to monitor training and evaluate its ef-
fectiveness for different players. According to the results,
starters experienced more intensity than non-starters dur-
ing the end-season, but only one significant difference was
found in mid-season where higher values were showed for
starters in EWMA of TD. This study revealed that intensity
between starters and non-starters was balanced across the
season which could be an example for other coaches and fu-
ture studies. It seems possible to reduce the usual pressure
imposed on non-starters and create balance in the intensity
imposed on starter and non-starter players for better train-
ing design and consequently use of more non-starter players
across the season.

Author Contributions

Conceptualization—ADM, RO and HN;
methodology—ADM, RO and HN; software—ADM,
RO and HN; validation—RO and HN; formal analysis—
ADM, RO; investigation—HN, RG, ADM, RDLV and

&% IMR Press

RO; resources—HN, RG, ADM, RDLV and RO; data
curation—ADM, RO and HN; writing—original draft
preparation—HN, RG, ADM, RDLV and RO; writing—
review and editing—HN, RG, ADM, RDLV and RO;
visualization—ADM, RO and HN; supervision—RO and
HN; project administration—HN; funding acquisition—
HN. All authors contributed to editorial changes in the
manuscript. All authors read and approved the final
manuscript.

Ethics Approval and Consent to Participate

Players received a clear explanation of the study. Ex-
perimental procedures were approved by the Ethics Com-
mittee of the Ardabil University of Medical Sciences.
The recommendations of Human Ethics in Research were
followed according to the Helsinki Declaration. Writ-
ten informed consent was obtained from both the players
and team staff coach before beginning the investigation
(IR.ARUMS.REC.1399.545).

Acknowledgment

The authors thank Sepahan Football Club for your full
cooperation in this study.

Funding

This research was funded by the Portuguese Founda-
tion for Science and Technology, I.P., Grant/Award Number
UIDP/04748/2020.

Conflict of Interest

The authors declare no conflict of interest. The fun-
ders had no role in the design of the study; in the collec-
tion, analyses, or interpretation of data; in the writing of the
manuscript, or in the decision to publish the results. HN is


https://www.imrpress.com

serving as one of the Guest editors of this journal. We de-
clare that HN had no involvement in the peer review of this
article and has no access to information regarding its peer
review. Full responsibility for the editorial process for this
article was delegated to AT.

References

(1]

(2]

[3]

(4]

[3]

(6]

(7]

(8]

(9]

[10]

(1]

[12]

[13]

[14]

[15]

10

Akenhead R, Nassis GP. Training Load and Player Monitoring
in High-Level Football: Current Practice and Perceptions. Inter-
national Journal of Sports Physiology and Performance. 2016;
11: 587-593.

Burgess DJ. The research doesn’t always apply: practical solu-
tions to evidence-based training-load monitoring in elite team
sports. International Journal of Sports Physiology and Perfor-
mance. 2017; 12: S2-136-S2-41.

West SW, Clubb J, Torres-Ronda L, Howells D, Leng E, Vescovi
ID, et al. More than a Metric: how Training Load is used in Elite
Sport for Athlete Management. International Journal of Sports
Medicine. 2021; 42: 300-306.

Staunton CA, Abt G, Weaving D, Wundersitz DWT. Misuse of
the term ‘load’ in sport and exercise science. Journal of Science
and Medicine in Sport. 2021; 25: 439-444.

Windt J, Gabbett TJ. Is it all for naught? what does mathemat-
ical coupling mean for acute:chronic workload ratios? British
Journal of Sports Medicine. 2019; 53: 988-990.

Williams S, West S, Cross MJ, Stokes KA. Better way to deter-
mine the acute:chronic workload ratio? British Journal of Sports
Medicine. 2017; 51: 209-210.

Hulin BT, Gabbett TJ, Lawson DW, Caputi P, Sampson JA.
The acute:chronic workload ratio predicts injury: high chronic
workload may decrease injury risk in elite rugby league players.
British Journal of Sports Medicine. 2016; 50: 231-236

Gabbett TJ, Hulin BT, Blanch P, Whiteley R. High training
workloads alone do not cause sports injuries: how you get there
is the real issue. British Journal of Sports Medicine. 2016; 50:
444-445.

Fanchini M, Rampinini E, Riggio M, Coutts AJ, Pecci C, McCall
A. Despite association, the acute:chronic work load ratio does
not predict non-contact injury in elite footballers. Science and
Medicine in Football. 2018; 2: 108-114.

Impellizzeri FM, Tenan MS, Kempton T, Novak A, Coutts AJ.
Acute:Chronic Workload Ratio: Conceptual Issues and Funda-
mental Pitfalls. International Journal of Sports Physiology and
Performance. 2020; 15: 907-913.

Nobari H, Castillo D, Clemente FM, Carlos-Vivas J, Pérez-
Gomez J. Acute, chronic and acute/chronic ratio between starters
and non-starters professional soccer players across a competi-
tive season. Proceedings of the Institution of Mechanical Engi-
neers, Part P: Journal of Sports Engineering and Technology.
2021; 17543371211016594.

Nobari H, Silva R, Manuel Clemente F, Oliveira R, Carlos-Vivas
J, Pérez-Gomez J. Variations of external workload across a soc-
cer season for starters and non-starters. Proceedings of the Insti-
tution of Mechanical Engineers, Part P: Journal of Sports Engi-
neering and Technology. 2021; 17543371211039297.

Oliveira R, Palucci Vieira LH, Martins A, Brito JP, Nalha M,
Mendes B, et al. In-season internal and external workload vari-
ations between starters and non-starters—a case study of a top
elite european soccer team. Medicina. 2021; 57: 645.

Nobari H, Vahabidelshad R, Pérez-Gomez J, Ardigo LP. Varia-
tions of training workload in micro-and meso-cycles based on
position in elite young soccer players: a competition season
study. Frontiers in Physiology. 2021; 12: 529.

Martins AD, Oliveira R, Brito JP, Loureiro N, Querido SM, No-
bari H. Intra-season variations in workload parameters in eu-

[16

=

[17

—

[18

[l

[19

—

[20]

[21

—

[22

—

[23

—

[24

[l

[25]

[26

—

[27

—

[28

=

[29

—

rope’s elite young soccer players: A comparative pilot study be-
tween starters and non-starters. Healthcare. 2021; 9: 977.
Nobari H, Oliveira R, Clemente FM, Adsuar JC, Pérez-Goémez
J, Carlos-Vivas J, et al. Comparisons of accelerometer variables
training monotony and strain of starters and non-starters: a full-
season study in professional soccer players. International Jour-
nal of Environmental Research and Public Health. 2020; 17:
6547.

Nobari H, Oliveira R, Siahkouhian M, Pérez-Gomez J, Cazan
F, Ardigo LP. Variations of accelerometer and metabolic power
global positioning system variables across a soccer season: A
within-group study for starters and non-starters. Applied Sci-
ences. 2021; 11: 6747.

Nobari H, Sogiit M, Oliveira R, Perez-Gomez J, Suzuki K,
Zouhal H. Wearable inertial measurement unit to accelerometer-
based training monotony and strain during a soccer season: A
within-group study for starters and non-starters. International
Journal of Environmental Research and Public Health. 2021; 18:
8007.

Clemente FM, Mendes B, Nikolaidis PT, Calvete F, Carrigo S,
Owen AL. Internal training load and its longitudinal relation-
ship with seasonal player wellness in elite professional soccer.
Physiology & Behavior. 2017; 179: 262-267.

Nobari H, Praga GM, Clemente FM, Pérez-Gémez J, Car-
los 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.
Proceedings of the Institution of Mechanical Engineers, Part P:
Journal of Sports Engineering and Technology. 2021; 235: 105—
113.

Williams J, Tessaro E. Validity and reliability of a 15 Hz GPS
Device for court-based sports movements. Sport Performance
& Science Reports. 2018; 1: 1-4.

Kelly SJ, Murphy AJ, Watsford ML, Austin D, Rennie M. Reli-
ability and Validity of Sports Accelerometers during Static and
Dynamic Testing. International Journal of Sports Physiology and
Performance. 2015; 10: 106-111.

Akenhead R, French D, Thompson KG, Hayes PR. The acceler-
ation dependent validity and reliability of 10Hz GPS. Journal of
Science and Medicine in Sport. 2014; 17: 562—-566.
Impellizzeri F, Woodcock S, Coutts AJ, Fanchini M, McCall A,
Vigotsky A. 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 Preprits. 2020.
(in press)

Dalen-Lorentsen T, Bjerneboe J, Clarsen B, Vagle M, Fager-
land MW, Andersen TE. Does load management using the
acute:chronic workload ratio prevent health problems? A clus-
ter randomised trial of 482 elite youth footballers of both sexes.
British Journal of Sports Medicine. 2021; 55: 108-114.

Myers NL, Aguilar KV, Mexicano G, Farnsworth JL, Knudson
D, Kibler WB. The Acute:Chronic Workload Ratio is Associ-
ated with Injury in Junior Tennis Players. Medicine & Science
in Sports & Exercise. 2020; 52: 1196-1200.

Hopkins WG, Marshall SW, Batterham AM, Hanin J. Progres-
sive Statistics for Studies in Sports Medicine and Exercise Sci-
ence. Medicine & Science in Sports & Exercise. 2009; 41: 3—12.
Dupont G, Nedelec M, McCall A, McCormack D, Berthoin S,
Wisleff U. Effect of 2 Soccer Matches in a Week on Physical
Performance and Injury Rate. The American Journal of Sports
Medicine. 2010; 38: 1752—-1758.

Murray NB, Gabbett TJ, Townshend AD, Blanch P. Calculat-
ing acute:chronic workload ratios using exponentially weighted
moving averages provides a more sensitive indicator of in-
jury likelihood than rolling averages. British Journal of Sports
Medicine. 2017; 51: 749-754.

&% IMR Press


https://www.imrpress.com

[30]

[31]

[32]

[33]

[34]

Cohen J, Cohen P. Applied multivariate regression/’correlaticot
analysis for the behavioral sciences. John Wiley: New York.
1983.

Rampinini E, Impellizzeri FM, Castagna C, Azzalin A, Bravo
DF, Wisleff U. Effect of Match-Related Fatigue on Short-
Passing Ability in Young Soccer Players. Medicine & Science
in Sports & Exercise. 2008; 40: 934-942.

Oliveira R, Ceylan H Brito JP, Martins A, Nalha M, Mendes B,
et al. Within- and between-mesocycle variations of well-being
measures in top elite male soccer players: a longitudinal study.
Journal of Men’s Health. 2022; 18: 94.

Windt J, Gabbett TJ, Ferris D, Khan KM. Training load—injury
paradox: is greater preseason participation associated with lower
in-season injury risk in elite rugby league players? British Jour-
nal of Sports Medicine. 2017; 51: 645—-650.

Silva R, Nobari H. Match-to-match variations in external load

&% IMR Press

[35]

[36]

[37]

measures during congested weeks in professional male soccer
players. Journal of Men’s Health. 2021; 17: 207-217.
Clemente FM, Silva R, Arslan E, Aquino R, Castillo D, Mendes
B. The effects of congested fixture periods on distance-based
workload indices: A full-season study in professional soccer
players. Biology of Sport. 2021; 38: 37-44.

Aquino R, Gongalves LG, Galgaro M, Maria TS, Rostaiser E,
Garcia GR, et al. Mach running performance in Brazilian pro-
fessional soccer players: comparisons between successful and
unsuccessful teams. BMC Sports Science, Medicine & Rehabil-
itation. 2021; 13: 93.

Gabbett TJ, Hulin B, Blanch P, Chapman P, Bailey D. To cou-
ple or not to couple? For acute: chronic workload ratios and
injury risk, does it really matter? International Journal of Sports
Medicine. 2019; 40: 597-600.

11


https://www.imrpress.com

	1. Introduction 
	2. Materials and Methods
	2.1 Participants
	2.2 Design
	2.3 External Intensity Monitoring
	2.4 Calculations of Training Indexes
	2.5 Statistical Analysis

	3. Results
	4. Discussion
	5. Conclusions
	Author Contributions
	Ethics Approval and Consent to Participate
	Acknowledgment
	Funding
	Conflict of Interest

