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Abstract

Background: The aims of this study were to describe the variations of training monotony (TM), training strain (TS), and acute:chronic
workload ratio (ACWR) through Hooper Index categories (fatigue, stress, DOMS, and sleep quality) and to compare those variations
between player status and player positions. Methods: Seventeen male professional soccer players participated in this study. Considering
player status, participants were divided in nine starters and eight non-starters. Additionally, participants were divided by playing positions:
three wide defenders, four central defenders, three wide midfielders, four central midfielders, and three strikers. They were followed
during 40-week in-season period. TM, TS, and ACWR were calculated for each HI category, respectively. Data were grouped in 10
mesocycles for further analysis. Results: Results showed variations across the mesocycles. In general, starters showed higher values
for TM, TS, and ACWR calculations than non-starters, although there were some exceptions. Regarding player positions, significant
differences were found in stress between wide defenders vs central midfielders for TM (p = 0.033, ES = 5.16), central defenders vs
wide defenders for ACWR (p = 0.044, ES = 4.95), and in sleep between wide defenders and strikers for TM (p = 0.015, ES = 5.80).
Conclusions: This study revealed that an analysis of players’ well-being parameters according to player status and positions can provide
clear information to the coaches and their staff to complement the tasks of training monitoring.
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1. Introduction intensity allows to quantifying locomotor, mechanical, or
physiological measures and providing information about
how these measures impact the players [5]. Examples of

training intensity variables are heart rate or the session rate

Monitoring intensity, well-being, and readiness in
soccer players have become an essential strategy to ac-

knowledge the magnitude of exercise and to individualize
the training process [1]. Since in professional soccer, the
players are exposed to regular congested periods, monitor-
ing the variation of training intensity and the fluctuations of
well-being can be determinant to ensure the most appropri-
ate recovery processes, favoring the readiness of players for
the determinant moments of competition [2,3]. The moni-
toring process is commonly used to classify the standard-
ized intensity of exercise in the player. Recently, Staunton
et al. [4] recommend using the term “intensity” instead
of “training load” or “load” according to the “International
System of Units” which was followed by the present study
with the exception for some definitions that will be ex-
plained in the following paragraphs (e.g., monotony, strain
and acute: chronic workload ratio). Monitoring training

of perceived exertion (s-RPE, as internal dimension) and
distances covered at different speed intensities or accelera-
tions and decelerations (as external intensity) [6,7]. More-
over, the session-RPE (s-RPE) is accepted as a valuable
global indicator of internal training intensity in team sports
[8,9] and it had shown to be reliable in soccer [10]. Moni-
toring these measures allows coaches to identify the physi-
cal and physiological effects of training drills and sessions
and may allow them to standardize the training stimulus
based on the individual responses to the exercise [11].

Training intensity and its overall impact on the player
may conduct to variations in the well-being [1]. Well-being
is a wide concept, although in the case of sports is com-
monly centered in the main outcomes of sleep quality, de-
layed onset muscle soreness (DOMS), fatigue, stress, or
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mood [12]. Those measures are typically analysed in a sub-
jective way and are not exclusively dependent on the inter-
action with training intensity [13]. However, they may help
coaches to individualize recovery strategies or also help to
plan some lifestyle changes to improve the overall response.
A tool used to control well-being is the Hooper Index (HI)
questionnaire [14]. It has become popular among the pro-
fessional teams. This questionnaire inquires the players
about the perceptive status of four categories: sleep qual-
ity, stress, fatigue, and DOMS.

Monitoring intensity and well-being is part of daily
strategies used with players to control their variations
within- and between weeks [15,16]. However, additional
analyses can be performed to specific data obtained. As
an example, the training monotony (TM, mean of the week
training load/standard deviation of the mean of the week
training load), and training strain (TS, accumulated load of
the week x monotony) were developed by Foster [9] to pro-
vide a visualization of the variability of the week intensity
(TM) and the strain promoted in the players (relationships
between variability and the acute intensity imposed in the
week). Later, the acute:chronic workload ratio (ACWR)
was proposed to provide an idea of between-week variation
in training intensity imposed, namely comparing the inten-
sity imposed in a week with the previous four weeks [17].

The above-mentioned indexes were developed to un-
derstand the variations of training intensity within and be-
tween weeks [18-21]. However, such an approach in well-
being parameters was never established, as far as we may
know. Although studies report weekly well-being varia-
tions [22,23], the analysis is always focused on the percent-
age of change and not in the within-week variation or rela-
tionship with the past weeks. Testing the concepts of TM,
TS, and ACWR as a calculation approach can add more
information about the variation of the well-being of play-
ers within and between weeks. A study conducted by No-
bari et al. [24] did not use these measures, but it consid-
ered the between week variations and revealed meaningful
changes of well-being measures across pre-season, early-
season, mid-season, and end-season. Specifically, the study
found higher values of weekly DOMS, fatigue and stress
in end-season that early of mid-season. In another study
different phases of the season were compared and, it was
observed that pre-season conducted to higher stress and fa-
tigue in comparison to in-season [25].

Variations between and within-week can be influenced
by different factors. As an example, previous studies re-
ported that the level of participation in matches (starters vs.
non-starters) had an impact on the index calculations in pro-
fessional soccer players [26,27]. Additionally, the impact
of intensity can be also determined by the playing position
and the role in matches [19]. For instance, Clemente et al.
[28] suggested that well-being can be also moderated by
those factors (level of participation in matches and play-
ing positions) and recommended more studies to analyze

internal intensity and the relationship with HI, consider-
ing the differences between player positions. Such analysis
could help prescribers to be attentive to the impact of these
factors on the well-being and eventually adjust strategies
based on the player’s needs. Therefore, the main goals of
the present study were: (a) to describe and compare the in-
season variations of TM, TS, and ACWR through fatigue,
stress, DOMS, and sleep quality of professional male soc-
cer players; (b) to compare those variations between player
positions and status (starters and non-starters).

2. Materials and methods
2.1 Participants

Seventeen male participants that belonged to a team
that participated in UEFA Champions League took part in
this study. Participants were divided according to playing
status: nine starters (age 26.2 4= 3.5 years, 78.7 & 5.8 kg and
180.1 &+ 6.8 cm) and eight non-starters (24.5 + 4.6 years,
76.6 + 4.3 kg and 182 + 6.8 cm). Additionally, and to ad-
dress the comparisons between playing positions, they were
divided in: three wide defenders (WD), four central defend-
ers (CD), three wide midfielders (WM), four central mid-
fielders (CM), and three strikers (ST) according to previ-
ous studies [19,20,29,30]. The inclusion/exclusion criteria
was adapted from previous studies which follow a participa-
tion >80% of weekly training sessions to be included in the
study, while the exclusion criteria include illness, and/or in-
jury for >2 consecutive weeks [20,21,23,31]. Goalkeepers
were removed from analysis because of the differences in
terms of physical activity provided by this position in train-
ing or competition when compared to the others [27,29].

To define playing status (starters and non-starters),
players were assessed on a weekly basis regarding the atten-
dance time at the match. To be considered a starter, a par-
ticipation >60 minutes in three consecutive matches was
needed while players who did not achieve that minimum
were considered non-starters [21,27,32,33].

2.2 Design

The data was collected during the 2015-2016 in-
season which included 40-weeks. The team used for anal-
ysis participated in four competitions that included the na-
tional league, two national cups and the UEFA Champions
League. Only main training sessions were considered for
analysis which means that rehabilitation or additional re-
covery training sessions were excluded due to the differ-
ences in the intensity of such session and to keep the data
comparable through the entire season.

The period analysed included ten months/mesocycles
(M, M1 to 10) according to previous studies [20,21,31]. Ta-
ble 1 shows the number of training sessions, number of of-
ficial matches, total amount of training duration and s-RPE
for the whole team, plus the non-traumatic injuries occur-
rence per playing status and playing position.
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Table 1. Characteristics of mesocycles considering training sessions, competitive matches, s-RPE and injuries during the 10

mesocycles.
Mesocycle (M) M1 M2 M3 M4 M5 M6 M7 M3 M9 M10
Number of training sessions (n) 16 20 18 18 20 20 19 20 18 20
Number of matches (n) 4 5 4 5 6 8 5 4 7 4
Accumulated training duration (min) 1543 1805 1007 1460 1130 1068 1505 1480 1282 1543
s-RPE for overall team (AU) 3289 2859 2965 259.5 210.8 259.3 2482 2453 2474 242.3
Non-traumatic injuries for starters (n) 4 2 3 3 0 4 2 3 2 0
Non-traumatic injuries for non-starters (n) 0 0 3 2 0 0 4 0 2 0
Non-traumatic injuries for CD (n) 3 0 0 0 0 4 0 0 0 0
Non-traumatic injuries for WD (n) 0 0 0 2 0 0 0 0 0 0
Non-traumatic injuries for CM (n) 0 0 0 3 0 4 0 3 0 0
Non-traumatic injuries for WM (n) 0 2 0 0 0 0 2 3 2 0
Non-traumatic injuries for ST (n) 4 0 3 0 0 0 0 0 2 0

s-RPE, session rated of perceived exertion; AU, arbitrary units; CD, central defenders; WD, wide defenders; CM, central midfielders; WM,

wide midfielders; ST, strikers.

2.3 Quantification of session-rated of perceived exertion

The CR10-point scale, adapted by Foster et al. [34]
was applied thirty minutes after the end of each training
session/match through an app on a tablet. All players rated
their RPE which were then multiplied by the session dura-
tions to obtain the s-RPE [34,35]. The players were pre-
viously familiarized with the scale, and all answers were
provided individually to avoid non-valid scores.

2.4 Well-being quantification

Approximately 30 minutes before each training ses-
sion, each player was asked to provide the Hooper Index
(HI) scores that include four categories: fatigue, stress,
muscle soreness and quality of sleep [14] using a google
forms questionnaire app on a tablet. The categories of fa-
tigue, stress, muscle soreness were measured on a 1-7 scale
(1 is very, very low and 7 is very, very high), while sleep
quality of the previous night was measured on a 1-7 scale
(1 is very, very good and 7 is very, very bad). All categories
were measured in Arbitrary Units (AU).

Before the study, all participants were familiarized
with HI. To avoid non-valid scores, all players individually
answered to the different categories.

Finally, the following indexes were calculated with the
four categories of HI:

(i) TM — training monotony [16,19,32]

mean of training load during the seven days of the week

TM =

standard deviation of training load during the seven days of the week
(it) TS — training strain [16,19,32]
TS = sum of the training loads for all training sessions during a week X ™
(iii) ACWR — acute:chronic workload ratio [36-38]

ACWR = acute workload (most recent week)

chronic workload (last 4 weeks)
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Through the previous calculations, the following mea-
sures were used for analysis:

-TM fatigue, TM stress, TM DOMS, TM sleep;

-TS fatigue, TS stress, TS DOMS, TS sleep;

-ACWR fatigue, ACWR stress, ACWR DOMS,
ACWR sleep.

2.5 Statistical analysis

All data was analysed through SPSS version 22.0
(SPSS Inc., Chicago, IL, USA) for Windows statistical
software package. Initially, the sample was character-
ized through descriptive statistics. Then, Shapiro-Wilk
and the Levene tests were used to analyse normality and
homoscedasticity, respectively. Then, repeated measures
ANOVA with Bonferroni correction post hoc were used to
compare player positions, player status and the 10 meso-
cycles, respectively. A p-value < 0.05 was considered for
analysis.

In addition, tt was calculated the Hedge’s g effect size
with 95% of confidence interval. The following thresholds
of Hopkins were applied: <0.2, trivial; >0.2, small; >0.6,
moderate; >1.2, large; >2.0, very large and >4.0, nearly
perfect [39].

The statistical power of 96% was found for a post hoc
F-test family (« level = 0.05; effect size = 1.3; five groups
(playing position), and a sample of 17 participants). Then,
the procedure was repeated for the post hoc F-test family
(a level = 0.05; effect size = 0.6; two groups (playing sta-
tus), and a sample of 17 participants) which provide an ac-
tual power of 100%. All calculation were made through
G-Power [40].

3. Results

Fig. 1 showed a general variation of the weekly av-
erage for TM, TS calculated through the fatigue, stress,
DOMS and sleep quality by playing status. Overall, Fig. 1A
showed the main results in M7 where significant higher TM
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Fig. 1. TM (training monotony) and TS (training strain) variations calculated through the HI categories across 10 mesocycles
(M1-10) for starters and non-starters. (A) Fatigue. (B) Stress. (C) DOMS. (D) Sleep. * denote significant difference from non-starters

(p < 0.05); # denote significant difference from M8 (p < 0.05).

value with very large effect was found for starters than non-
starters (p = 0.041, ES = 3.01).

In Fig. 1B, M4 showed significant higher TM with
very large effect (p < 0.039, ES = 3.1) and TS with very
large effect (p < 0.039, ES = 3.02) values for starters than
non-starters. TS also showed significantly higher values
with very large effect in M8 for starters than non-starters
(»=0.039, ES=3.21).

In Fig. 1C, TM showed significantly higher values
with very large effect for starters than non-starters in M7
(» =0.05, ES =2.61) and M10 (p = 0.036, ES =2.83). TS
also showed significantly higher values with very large ef-
fect in M7 for starters than non-starters (p = 0.018, ES =
3.57).

In Fig. 1D, TM and TS showed significantly higher
values with very large effect in M1 for starters than non-
starters (p = 0.010, ES = 3.65 and p = 0.039, ES = 3.03,
respectively).

Regarding inter-mesocycles comparisons for starters,
there was a higher value with very large effect size of TM
sleep (Fig. 1D) in M1 than M8 (p = 0.049, ES = 3.25). No
other differences were found for starters neither for non-
starters.

Fig. 2 showed ACWR variations calculated through
the different HI categories. In Fig. 2A, M7 showed a signif-
icantly higher value with very large effect for starters than
non-starters (p = 0.024, ES = 3.03). In Fig. 2C, M2, M7
and M9 showed significant higher values with very large
effects for starters than non-starters (p = 0.020, ES = 3.19;
p=0.041, ES =2.74; p=10.019, ES = 3.18, respectively).

Regarding inter-mesocycles comparisons for starters,
there was a higher value with very large effect size in M5
than M10 (p = 0.05, ES =3.15) for ACWR stress (Fig. 2B).
No other differences were found for starters neither for non-
starters.

Fig. 3 showed TM, TS, and ACWR variations calcu-
lated through fatigue for player positions. No significant
differences were found.

Fig. 4 showed TM, TS, and ACWR variations calcu-
lated through stress for player positions. There was a sig-
nificant difference between wide defenders vs central mid-
fielders for TM (p =0.033, ES =5.16) and central defenders
vs wide defenders for ACWR (p = 0.044, ES = 4.95), both
with nearly perfect effects.

Fig. 5 showed TM, TS, and ACWR variations calcu-
lated through DOMS for player positions. No significant
differences were found.

Fig. 6 showed TM, TS, and ACWR variations calcu-
lated through sleep for player positions. There was a sig-
nificant difference between wide defenders and strikers for
TM in M2 with a nearly perfect effect (p = 0.015, ES =
5.80).

4. Discussion

The main goals of the present study were: (a) to de-
scribe and compare the in-season variations of TM, TS, and
ACWR through fatigue, stress, DOMS, and sleep quality;
(b) to compare those variations between player positions
and status (starters and non-starters). First, according to the
best of knowledge of the authors, there is no research that
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Fig. 2. Acute: Chronic Workload Ratio (ACWR) variations calculated through the HI categories across 10 mesocycles (M1-10)
for starters and non-starters. (A) Fatigue. (B) Stress. (C) DOMS. (D) Sleep. * denote significant difference from non-starters (p <

0.05); # denote significant difference from M10 (p < 0.05).

analyses differences between player positions and starters
vs non-starters through TM, TS, ACWR calculated with HI
categories across a full soccer season. In addition, the ma-
jor finding of the present study revealed that the indexes
calculated through the HI showed a significant variation ac-
cording to the player status and playing positions across in-
season.

The analysis of internal intensity measured by psy-
chophysiological variables such as s-RPE is usually highly
preferred because of its potential to integrate different stim-
ulus types, being easye of use and considered as a global
measure of intensity in team sports [8,9]. However, Had-
dad et al. [41] recommended that s-RPE was not suscepti-
ble enough to identify indicators of wellness such as subjec-
tive fatigue, DOMS, stress, and sleep levels in junior soc-
cer players. In this context, Hooper & Mackinnon [14] as-
serted a self-assessment-based psychometric questionnaire
that includes well-being related to sleep, stress, fatigue, and
muscle soreness called HI.

Specifically, the main results showed high TM of fa-
tigue and DOMS values in M2 which may be related to the
fact that starters have played quite a lot of matches in M2,
and the accumulated training duration was higher in this
mesocycle which also resulted in 2 non traumatic injuries.
The high TM of sleep and TS of sleep values in M1 may
be due to the high pre-season training intensity. In fact, M1
denoted the highest value of the season for starters com-
pared to the other mesocycles and in fact it was coincident
with 4 non traumatic injuries, but no other statistically sig-
nificant differences were found for the other TM measures.
In addition, it was observed that TM of fatigue and DOMS
categories were high in M1 and the stress category in M2.
Higher levels of these categories in M1 and M2 could be
related to exposure to higher training intensity to improve
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the physical condition rather than participation in playtime.
Also, this higher intensity could be associated to the pre-
season period that triggers more difficult and tiresome de-
mands when compared to the in-season professional soccer
period [25,27,29,42].

Regarding the mesocycle analysis, starter players had
significantly higher TM of fatigue (M7), DOMS (M5 and
MS), stress (M4) and higher TS of stress (M4 and MS),
and DOMS (M?7) than non-starter players during in-season
period. The high TM of DOMS, stress, and TS of stress
value in M5 indicated that the starters were exposed to high
match and training intensity during the first period of the
season. It was observed that the accumulated training time
was low in M5 and M6, and the number of matches played
was high. This showed that the intensity was reduced in
training sessions. Starters showed the lowest TM of fatigue,
stress, DOMS and TS of stress and DOMS values in M6,
which clearly shows that the optimization of the intensity
was well adjusted by the coach and his staff in the mid-
dle of the season, and enough rest activities were given to
players recover. Meanwhile, M6 showed 4 injuries for non-
starters while starters presented no injuries which means
that TM is not always sensitive to detect injuries as orig-
inally proposed by Foster [9]. Compared with non-starters,
TM of fatigue, DOMS and TS of DOMS and stress values
increased again in starters towards the end of the season.
The result is consistent with Nobari et al. [18] who stated
that greater weekly acute intensity, fatigue, stress, and HI
variations were found at the end of the season.

In addition, starters showed higher TM and TS values
over the in-season than non-starters, although there were
some exceptions (see Fig. 1). This parallels the results of
the study conducted by Nobari ef al. [27] who indicated
that starters exhibited significantly greater values of TM
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and TS based on the number of accelerations and deceler-
ations across four periods of the season. A possible reason
for the present results may be related to the match play-
time. Previous studies showed that match playtime was re-
lated to the weekly greatest amount of high intensity run-
ning and sprint distances [26,43]. Recent studies showed
that starters spent more time in high intensity zones than
non-starters and also, they exhibited greater high-speed run-
ning, number of accelerations, repeated sprints, and sprint-
ing compared to non-starters in matches during in-season
period in professional soccer players [26,33,43]. Conse-
quently, it is considered important that training programs
can be specifically constituted for non-starter to cause an
adequately intensive training stimulus to produce adapta-
tions that retain and enhance the whole soccer-specific fit-
ness of the team. Moreover, additional training associated
with the high-speed variables appears to be important for
non-starters, once the high intensity running distance col-
lected from a match corresponds to 3.4 times the “on-field”
soccer training [26]. The biochemical justification of the
high levels TM and TS in starters during the in-season pe-
riod can be explained by the study conducted by Vilamit-
jana et al. [44], who found that testosterone and testos-
terone/cortisol index of non-starters were found to be higher
compared to starters during the in-season period, but not
during pre-season. They claimed that non-starters were in-
adequate in terms of hormonal and enzymatic (biomarkers
that detect cellular damage) conditions during the in-season
due to their low match durations. Coaches and their staff
should arrange their training program to enhance, and to
implement similar training intensities to non-starter players
during in-season [27].

The ACWR can be beneficial in explaining the risks
associated with the injury rate of athletes such as sudden
increases in intensity or critical intensity reductions and de-
scribing weekly changes (to check advancement or over
intensity strategies) [42]. Starters exhibited significantly
greater values for ACWR of DOMS than non-starters in
M2, M7, M9, and also ACWR of fatigue values were found
to be significantly greater in starters than non-starters in
M?7. On one hand, each mesocycle showed 2 injuries for
starters, but on the other hand, higher values of injuries were
reported in M1, M3, M4, M6, M7 and M9 (range of 4—6 in-
juries) which once again does not confirm that ACWR has
higher sensibility to detect injuries [45-51].

The highest ACWR of fatigue, stress, and DOMS val-
ues in M2 in starter players may be related to the accumu-
lated training duration and the number of matches in this
mesocycle. Significantly highest ACWR of fatigue and
ACWR of DOMS values in M7 and M9 may be due to the
fact that the starter players had more matches (specifically,
M6 = 8 matches, M9 = 7 matches) in the congested weeks,
and they were preferred by the coach in critical matches to-
wards the end of the season. Due to high ACWR values,
DOMS and fatigue can trigger the risk of injury in starter
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players towards the end of the season. Considering that the
starters perform higher intense activities during the match
playtime, the risk of injury may be higher for them than
non-starters. This was also demonstrated in the study of
Malone et al. [52]. They remarked that exposing players to
great and quick rises in high-speed running and sprint run-
ning distances increased the possibility of the injury. How-
ever, they recommended that greater weekly chronic load
(>2584 AU), and better aerobic capacity reduced lower
limb injury risk in elite soccer players [52]. In the same line,
Nobeari et al. showed that high volume of sprinting during
high intensity weeks was associated with non-contact in-
jury occurrence [53]. Moreover, Ferreira et al. [42] found
that well-being measures such as higher DOMS and fatigue
values were associated with acute load and ACWR values
in professional basketball players. Thus, they reported that
significant decreases were determined in acute load from
pre-season to the in-season, while DOMS and fatigue lev-
els were high. The results of Ferreira et al. [42] supported
the findings of our study for starter players. For the reasons
mentioned before, it is recommended to analyse variations
in the wellness status of the players during the in-season for
the top level soccer performance [42].

Regarding player positions, there were some varia-
tions across in-season that could be associated with the dif-
ferences in physiological and functional capacity in players
with different positions [18]. Especially, wide defenders
had greater ACWR of stress values than central defenders
in M4 which was also followed by two injuries vs none.
They had significantly greater TM of stress values than cen-
tral midfielders in M3, and TM of sleep values than strikers
in M2 (no injuries were noted for wide defenders). After
analysing the higher values and the number of injuries, it
was possible to observe that such measures were not as-
sociated with some mesocycles where injuries were found
(e.g., 4 injuries for strikers in M1 or only 2 injuries during
the entire in-season for wide defenders in M4).

In the first half of the season, indexes of wide defend-
ers were found to be high as compared with other positions.
In addition, it stood out that wide midfielders had greater TS
of fatigue, stress, DOMS and greater TM of DOMS in M1.
As far as we know, no study calculated TM, TS, ACWR of
the players according to their playing positions using well-
ness indicators. Clemente et al. [29] observed that wide de-
fenders had greater acute inensities of impacts and TS than
central defenders, wingers, and strikers. Oliveira et al. [31]
found that training intensity variables showed limited vari-
ation between player positions. When they compared the
high-speed running zones (> 19 km/h) during the mesocycle
analysis according to playing positions, they suggested that
wide defenders (212.7 m) and wide midfielders (186.8 m)
had greater effort during training than other positions (cen-
tral defenders = 112.2, central midfielders = 164.1, strikers
=116.1 m). The results of previous studies were in line with
the results of this study [29,31]. Based on that, we can men-
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tion that wide defenders and wide midfielders have a higher
high-intensity training profile. In the present study, com-
pared to other positions, the reason for the wide defenders
and wide midfielders displayed higher indexes in the first
half of the season (especially, in M1) may be related to the
high training and match demands of the position they serve.
Also, both playing positions perform higher-intensity activ-
ities during the matches due to their duties in both defensive
and offensive.

To our knowledge, this is the first study to investigate
TM based on well-being measures, and provides reference
values. This study revealed the lowest and highest TM (fa-
tigue, stress, DOMS, and sleep) of starters during the in-
season ranged between 2.25 AU and 4.65 AU, and non-
starter players ranged between 2.33 AU and 4.67 AU in top
elite soccer players. The results of this study are in line with
Nobari, Oliveira, et al. [18], who reported that the lowest
and highest TM values based on accelerations in zone 1 in
starters varied between 1.87-3.25 AU, while in non-starters
it varied between 0.98-2.18 AU. Foster [9] suggested that
a monotony index higher than 2 AU was an element of risk
for illness and overtraining in players. Clemente et al. [54]
expressed that TM was found to range between 0.9 and 3.8
AU (mean of 2 AU) in professional soccer players across a
10-week period. Nobari ef al. [16] detected that TM values
of elite under-16 soccer players were between 1.06 and 1.19
AU across the 20-week period. In the current study, it was
observed that TM values were greater than 2 AU. The rea-
son for this may be related to the method to calculate TM
where HI categories were used, the applied training plan,
the sample group (top-elite soccer players), quality of the
league, and the level of opponent teams. Also, the present
study showed that starters had higher TM values in the ma-
joraty of the mesocycles than non-starters. An appropriate
strategy may be for the coaches and their staff to apply com-
plementary training on the non-starters to compensate for
the intensity gap between starters and non-starters during
in-season period [55].

The present study also provides reference values for
ACWR. In this study, the lowest and highest ACWR (fa-
tigue, stress, DOMS, and sleep) of starters during the in-
season ranged between 0.92 and 1.07 AU, and non-starter
players ranged between 0.89 and 1.10 AU. The study of
Hasan et al. [39] overlaps with our findings. They clari-
fied a ACWR of 0.95-1.09 AU over 23-weeks for differ-
ent external parameters. In literature, some studies showed
that higher ACWR were associated with increased injury
risk [38,56,57]. For instance, Timoteo et al. [56] reported
that higher ACWR value and poor recovery were related
to greater odds of injury, and also players who suffered in-
juries had higher ACWR values than uninjured players in
the previous week. Also, Myers et al. [38] showed that in-
jured players had a mean ACWR of 1.57 AU in the week
before the injury occurred and as a result, they showed that
ACWR (especially an acute increase) from the previous
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week and previous injury history were significant predic-
tors of injury the following week. Bowen et al. [58] showed
that the risk of non-contact injuries increased when ACWR
by calculated from GPS data was >2.0 AU. Additionally,
they found that the risk of contact injuries augmented when
ACWR was 1.1-1.5 AU in elite soccer players, over three
seasons. Other study demonstrated that ACWR >2.0 was
associated with higher risk of injury, while ACWR >1.35 to
<1.50 AU could be considered to prevent injury risk during
the pre- and early periods of the in-season [42]. Meanwhile,
ACWR-injury association did constitute the ability to detect
injury occurrence [59] which was reinforced by recent stud-
ies [45-51]. They added that ACWR was an insufficient
measure to predict injury risk due to methodological hetero-
geneity (defining time windows for acute and chronic peri-
ods, injury types investigated, data estimation methods, and
statistical analysis etc.) in previous studies [45—51] which
was confirmed by the presented study considering TM, TS
or ACWR calculated through well-being measures. Con-
sidering the studies in the literature, it was observed that
the ACWR values calculated by the HI were not very high
for starter and non-starter players during in-season period.
This shows that the optimization between training intensity,
well-being and recovery was well adjusted throughout the
in-season period.

Meanwhile and considering the previous information,
it is very important that prognostic studies should be in-
creased in order to predict the risk of injury through dif-
ferent parameters especially ACWR in different sports
branches, and to clarify the underlying mechanisms. As
previouly mentioned, other analysis such as the odds ra-
tios of non-contact injuries through different training inten-
sity measures [53] as well as through well-being variables
should be considered for future studies.

There are some limitations that should be pointed. The
sample size was small and belongs to only one team which
may have influence the results. Clemente ef al. [19] stated
that this issue is one of the frequently reported limitations
of longitudinal studies over a full season in professional
contexts. Second, pre-season was not analyzed. Finally,
the non-use of other internal (heart rate) or external mea-
sures (running distance or accelerometry-based variables)
to support the well-being measures is recommended for fu-
ture studies. Despite the limitations noted above, the cur-
rent study is the first to analyze differences between player
status and player positions through TM, TS, ACWR calcu-
lated with HI categories during a soccer in-season period.
To generalize the results, more studies need to be performed
considering similar designs, the gender and the age factor
in teams from different leagues.

5. Conclusions

Differences in playing positions and player status for
coaches and their staff should be considered when estab-
lishing training intensity throughout the season period. In-
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dexes such as TM, TS, and ACWR can help to better under-
stand the between and within variations through the season
of professional soccer players.Therefore, a comprehensive
analysis of players’ according to well-being parameters can
provide clear information to the coaches and their staff in
terms of training monitoring that is not reached with other
variables such s-RPE, session duration and number of in-
juries.
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