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Abstract: Background: Monitoring physical freshness is essential in assessing athletes’ conditions
during training periods, training sessions, or competitions. To date, no single physical freshness scale
has been successfully validated against training load variables and widely used scales measuring
different facets of physical freshness. Objective: In this study, we develop and test the practical
utility of a perceived physical freshness (RPF) scale to monitor the condition of the athletes and
to prevent excessive fatigue and insufficient recovery during training sessions or competitions.
Methods: Sixteen professional male soccer players (mean ± SD age 26 ± 4 years) were enrolled.
Training load (TL), monotony, strain, rate of perceived exertion (RPE), well-being indices (sleep, stress,
fatigue, and muscle soreness), total quality recovery (TQR) and RPF were determined each day for
two weeks of training, including a week intensified training (IW) and a week taper (TW). The validity
of the RPF scale was assessed by measuring the level of agreement of a player’s perceived physical
freshness relative to their TL variables, recovery state and well-being indices during each training
phase (IW and TW) and during the overall training period (TP). Results: RPF increased during the
TW compared to IW (ES = 2.31, p < 0.001, large). For the TP, IW and TW, weekly RPF was related to
weekly TL (r = −0.81, r = −0.80, r = −0.69, respectively), well-being (r = −0.91, r = −0.82, r = −0.84,
respectively) and TQR (r = 0.76, r = 0.91, r = 0.52, respectively), all p < 0.01. For the TP, IW and TW,
daily RPF was related to TL (r = −0.75, r = −0.66, r = −0.70, respectively), well-being (r = −0.84,
r = −0.81, r = −0.78, respectively) and TQR (r = 0.82, r = 0.81, r = 0.75, respectively), all p < 0.01.
Conclusions: RPF was effective for evaluating the professional soccer players’ physical freshness
and may be a strategy for coaches to monitor the physical, psycho-physiological, and psychometric
state of the players before training session or matches.
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1. Introduction

An increased training load during periods of intense training typically induces substan-
tial neuromuscular, physiological, and hormonal responses that negatively affect well-being
and recovery state [1,2]. Tapering of training after such intense training periods allows for
the manifestation of improvements in physical fitness, well-being, and recovery [2]. For this
reason, markers of psychometric performance associated with each training period have
received much attention in recent years [3–5]. Questionnaires are widely used to determine
soccer players’ well-being (i.e., sleep, stress, fatigue, and muscle soreness (Hooper index)),
recovery state (i.e., total quality of recovery (TQR) scale) and perceived intensity (i.e., rating
of perceived exertion (RPE) scale), and to monitor psycho-physiological and psychometric
status. Use of these questionnaires allows for the detection of early signs of fatigue to
optimize high-level training performance [1–8].

Several studies have examined well-being indices, recovery state and mood state
changes associated with training periods to identify the markers that can effectively assess
players’ psychometric statuses [2,6,9]. Monitoring these markers can be useful in helping
coaches adjust training loads (TLs) and minimize negative outcomes resulting from intensi-
fied training periods [10]. For example, it was reported that negative psychometric status
was associated with an increased training load (TL) [4–6,8]. It has been shown that intensi-
fied training was associated with decreased subjective measures of wellness, and mental
fatigue was associated with poor recovery [5,9]. Moreover, Moalla et al. [4] showed that
daily TL was related to Hooper index score in professional soccer players. Similarly, Selmi
et al. [2] showed that TL during basic and intensified training periods was associated with
well-being indices (i.e., sleep quality, stress, fatigue level and muscle soreness), total quality
of recovery and profile of mood states (POMS) scores among professional soccer players,
indicating the importance of monitoring well-being, recovery, and mood state during
training periods. Ouergui et al. [1] showed that decreased TL during taper was beneficial
for wellness and, importantly, physical recovery in athletes. Brink et al. [11] showed that
the TQR score could predict overtraining or injury in athletes. Furthermore, Selmi et al. [12]
showed that negative psychometric status and poorer perceived recovery was associated
with poorer technical performance (passing, talking, ball possession and interception) in
professional soccer players during the competitive period. Thus, poorer physiological and
psychological recovery, or reduced physical freshness, could negatively affect technical
performance during soccer-specific training, thus, leading to lower readiness and worst
physical freshness.

Physical freshness, or a body’s current ability to function efficiently during physical
exertion, is an important attribute to consider because soccer competition is influenced,
in part, by the condition and readiness of the players [5]. According to Bafirman [13],
physical freshness is the ability of the body to adjust to the physical demands placed
upon it, including during training or competition, without causing excessive fatigue.
Another definition of physical freshness is the ability of a person to easily perform a
particular physical task with satisfactory results and without feeling too tired [13]. It is
important in the development of technical and tactical skills, alongside the emotional
and mental aspects of sports performance, in soccer players. Physical freshness is most
assuredly a combination of physiological and psychometric parameters [2,7]. Creating a
tool that simultaneously considers these important components is very attractive for coach’s
prescription. Therefore, assessing athletes’ physical freshness could be a valuable tool
during intensified and tapering training periods. However, in the currently available
literature, no scales exist to determine physical freshness in soccer athletes. For that
reason, this study aimed to create a practical approach to assess the rating of physical
freshness (RPF) in soccer players and validate it against training load and psychometric
indices determined during training (intensified and taper periods). We hypothesized that
in soccer players, RPF would be lower during intensified training and increased during
taper, and influenced by training load (TL), monotony, strain, psychometric status (sleep,
stress, fatigue, delayed-onset muscle soreness (DOMS)), and TQR. The results will provide
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evidence for the use of assessing physical freshness using the RPF and the association
between physical freshness, TL and psychometric factors.

2. Materials and Methods
2.1. Experimental Approach to the Problem

This study followed a cohort design of a 2-week period. Data collection occurred ap-
proximately 17 weeks after the 2020–2021 season began (mid-season). During the study pe-
riod, the players were monitored each day for well-being, recovery, and TL using validated
and reliable instruments. Physical freshness was also monitored each day. The players had
been familiarized with the instruments since the beginning of the season, aiming to reduce
the variability and noise.

2.2. Participants

Sixteen professional male soccer players (age 26 ± 4 years; height 179 ± 7 cm; body
mass 74.1 ± 9.5 kg; body fat 11.7 ± 2.7%; mean ± SD) from the same national league soccer
team took part in the study. Their playing positions included 2 central defenders, 3 lateral
defenders, 4 defensive midfielders, 5 offensive midfielders, and 2 forwards. The following
eligibility criteria were defined: (i) all the players competed for the same soccer team; (ii) all
the players participated in the national championship; and (iii) free from injury or illness
for two months before the study and during the study. Goalkeepers did not participate
in the same training program as the other participants and, thus, were excluded from the
study. The players had 15.1 ± 2.9 years of experience in competitive soccer. During the
study period, the players participated in five training days and one match per week.
The study was conducted according to the Declaration of Helsinki and according to the
ethical standards in sport and exercise science research [14], and the protocol was approved
by the research ethics committee of the High Institute of Sports and Physical Education of
Kef (ISSEP-Kef), University of Jendouba, Kef, 7100, Tunisia (approval No. 011/2021).

2.3. Procedure

The study took place over two weeks during the mid-season (one week of intensi-
fied training and one week of tapering). The main training objective for the first week
was to increase TL, and the main training objective for the second week was to decrease
TL to manifest increased fitness for the next week (taper). Before beginning the experi-
mental period, body mass and height were measured (OHAUS, Florham Park, NJ, USA)
and body fat percentage was calculated according to previously published methods [15].
Throughout the 2-week training period, the duration of each training session and rating
of perceived exertion (RPE) were recorded for each player 20–30 min after each training
session to calculate TL. Each player completed the rating of the physical freshness (RPF)
scale, the Hooper index scale, and the TQR scale before the first training session of the
day to monitor physical freshness, well-being, and recovery state, respectively (Figure 1).
All the players completed the scales independently and as honestly as possible.

The training program was organized and monitored by the team coaches without
influence from the experimental investigation. The program included the following 2 mi-
crocycles of 7 days each: 1 intensified training week (IW), followed by 1 tapering week
(TW) (Figure 1 and Table 1). During IW, the players performed 7 training sessions across
5 days, with twice-per-day training (i.e., one session in the morning and one session in
the afternoon) on 2 of the training days. On the sixth day, each player took part in a
friendly match for half of the total playing time, then performed an additional 20-min
training session. The players were then given one day of rest. During TW, the players
performed five training sessions, one official match and one day of rest. The players who
did not participate in the match were given a day of rest. The players performed a total of
12 training sessions and 2 matches across the two microcycles (Table 1).
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Figure 1. Representative diagram of the experimental protocol. S: Sunday, M: Monday, T: Tuesday, 
W: Wednesday, Th: Thursday, F: Friday, Sat: Saturday, TL: training load, RPE: rating of perceived 
exertion, RPF: rating of physical freshness, DOMS: delayed-onset muscle soreness, TQR: total 
quality of recovery. 

Table 1. Training time and duration, subjective intensity, training load (TL), monotony and strain 
across the 2-week study period (mean ± SD; n = 16). 

  Time of 
Training Duration (min) RPE Session-TL (AU) Daily-TL (AU) 

Intensified 
week (IW) 

Sunday 15.00 h 75 3.4 ± 0.6 257.8 ± 47.2 257.8 ± 47.2 

Monday 
9.00 h 70 4.4 ± 0.5 310.6 ± 35.8 

565.6 ± 45.6 
16.00 h 85 3.0 ± 0.2 255.0 ± 2.2 

Tuesday 
9.00 h 75 5.4 ± 0.8 407.8 ± 6.1 

739.3 ± 84.8 
16.00 h 90 3.6 ± 0.8 331.8 ± 7.4 

Wednesday 15.00 h 95 5.8 ± 0.9 558.1 ± 84.1 558.1 ± 84.1 
Thursday 15.00 h 70 4.9 ± 0.8 345.6 ± 54.1 345.6 ± 54.1 

Friday 15.00 h 75 5.4 ± 0.7 407.8 ± 72.2 407.8 ± 72.2 
Saturday Rest 00 00 00 00 

Weekly-TL (AU) 2874.7 
Monotony (AU) 2.0 

Strain (AU) 7885.1 

Taper 
week (TW) 

Sunday 16.00 h 55 3.1 ± 0.5 168.4 ± 30.5 168.4 ± 30.5 
Monday 15.00 h 75 3.6 ± 0.6 271.9 ± 44.9 271.9 ± 44.9 
Tuesday 15.00 h 85 3.6 ± 0.6 302.8 ± 51.7 302.8 ± 51.7 

Wednesday 15.00 h 70 3.2 ± 0.5 223.1 ± 36.8 223.1 ± 36.8 
Thursdays 15.00 h 40 2.4 ± 0.6 95.0 ± 23.9 95.0 ± 23.9 

Friday 15.00 h 56 4.3 ± 2.4 307.5 ± 220.8 307.5 ± 220.8 
Saturday Rest 00 00 00 00 

Weekly-TL (AU) 1337.2 
Monotony (AU) 1.8 

Strain (AU) 2512.4 
Abbreviations: min: minute, RPE: rating of perceived exertion, TL: training load, AU: arbitrary units. 

Figure 1. Representative diagram of the experimental protocol. S: Sunday, M: Monday, T: Tuesday,
W: Wednesday, Th: Thursday, F: Friday, Sat: Saturday, TL: training load, RPE: rating of perceived
exertion, RPF: rating of physical freshness, DOMS: delayed-onset muscle soreness, TQR: total quality
of recovery.

2.4. Measures
2.4.1. Scales to Assess Physical Freshness, Well-Being, and Recovery States

Each player was asked to complete the well-being indices (quality of sleep, fatigue,
stress, and DOMS) [16], TQR scale [17] and the RPF 15 min before the first training session
each day or before the match to assess the players’ well-being, recovery state and freshness
state. The answers reflected the responses to the preceding training day. The answers were
provided individually to avoid teammate influence.

2.4.2. Rating of Physical Freshness (RPF)

Physical freshness reflects a combination of fitness and the current readiness state of
players who are performing training sessions or matches; thus, it is related to psychometric
status and recovery state. To create a simple and valid practical assessment of the players’
physical freshness, an RPF scale was created (Table 2). Fifteen minutes before warming
up for each training session or match, each player was shown the RPF scale with verbal
anchors (Figure 1) and was asked to provide a rating of his physical freshness. This method
is similar to other methods that have previously been used in studies monitoring exercise
training, including those using RPE [18], well-being (Hooper index; [19]), and recovery
state (TQR; [17]). The RPF scale is a tool ranging from 1 to 7, where 1 indicates “very, very
poor freshness” and 7 indicates “very, very good freshness”, similar to the well-being scale
(i.e., sleep, stress, fatigue and DOMS) that asks the subject to rate with highly standardized
verbal instructions how they perceived the physical freshness before the effort (training
session or match). This form of representation was chosen because the well-being indices
scale is a commonly used and easily understood measure of an athlete’s current state of
pre-fatigue before training sessions or matches; thus, the perceived feeling of physical
freshness should transfer well using a similar scale. To assess the players’ freshness state,
the RPF scale asked a single question, which was as follows: “What is your condition now?”
on a scale of 1–7, where a higher RPF score indicated a more positive state of freshness
(Table 2).
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Table 1. Training time and duration, subjective intensity, training load (TL), monotony and strain
across the 2-week study period (mean ± SD; n = 16).

Time of
Training Duration (min) RPE Session-TL

(AU) Daily-TL (AU)

Intensified
week (IW)

Sunday 15.00 h 75 3.4 ± 0.6 257.8 ± 47.2 257.8 ± 47.2

Monday
9.00 h 70 4.4 ± 0.5 310.6 ± 35.8

565.6 ± 45.6
16.00 h 85 3.0 ± 0.2 255.0 ± 2.2

Tuesday
9.00 h 75 5.4 ± 0.8 407.8 ± 6.1

739.3 ± 84.8
16.00 h 90 3.6 ± 0.8 331.8 ± 7.4

Wednesday 15.00 h 95 5.8 ± 0.9 558.1 ± 84.1 558.1 ± 84.1

Thursday 15.00 h 70 4.9 ± 0.8 345.6 ± 54.1 345.6 ± 54.1

Friday 15.00 h 75 5.4 ± 0.7 407.8 ± 72.2 407.8 ± 72.2

Saturday Rest 00 00 00 00

Weekly-TL
(AU) 2874.7

Monotony
(AU) 2.0

Strain (AU) 7885.1

Taper week
(TW)

Sunday 16.00 h 55 3.1 ± 0.5 168.4 ± 30.5 168.4 ± 30.5

Monday 15.00 h 75 3.6 ± 0.6 271.9 ± 44.9 271.9 ± 44.9

Tuesday 15.00 h 85 3.6 ± 0.6 302.8 ± 51.7 302.8 ± 51.7

Wednesday 15.00 h 70 3.2 ± 0.5 223.1 ± 36.8 223.1 ± 36.8

Thursdays 15.00 h 40 2.4 ± 0.6 95.0 ± 23.9 95.0 ± 23.9

Friday 15.00 h 56 4.3 ± 2.4 307.5 ± 220.8 307.5 ± 220.8

Saturday Rest 00 00 00 00

Weekly-TL
(AU) 1337.2

Monotony
(AU) 1.8

Strain (AU) 2512.4

Abbreviations: min: minute, RPE: rating of perceived exertion, TL: training load, AU: arbitrary units.

Table 2. Perceived physical freshness status.

Perceived Physical Freshness Status

1-Very, very poor freshness
2-Very poor freshness

3-Poor freshness
4-Moderate freshness

5-Good freshness
6-Very good freshness

7-Very, very good freshness

Physical freshness is most relevant when players are preparing to engage in another
bout of training or competition, typically coinciding with the end of the recovery period
(e.g., since the previous training session or match). Therefore, fifteen minutes prior to
the beginning of the warm-up for each day’s first training session or match was selected
for the assessment of physical freshness. The players received standardized verbal and
visual information explaining how to interpret the RPF scale and the numerical and verbal
anchors contained within it. During the players’ familiarization with this scale (4 weeks
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before the study), each player was provided with a copy of the scale labeled “Perceived
feeling of physical freshness” (Table 2), containing a simple and clear explanation of each
numerical anchor. Each player individually noted his RPF. After the familiarization, the
players understood the RPF scale and had no difficulty providing their RPF rating before
each day’s first training session.

2.4.3. Well-Being Indices (Hooper Index)

Each player responded subjectively about the quality of sleep during the preceding
night, quantity of stress, fatigue level and DOMS using subjective rating scales. The scores
ranged from 1 to 7, where 1 indicated “very, very low” or “good” and 7 indicated “very, very
high” or “bad” [16]. The sum of these four scores (i.e., sleep, fatigue, stress, and DOMS) was
summed to calculate the Hooper index (HI) [16]. A higher HI score indicates more stress,
greater fatigue, more DOMS, and worse sleep quality. The well-being indices demonstrated
excellent reliability, with Cronbach’s α ranging from 0.90 to 0.94 in the present study.

2.4.4. Total Quality of Recovery (TQR)

The TQR scale was used to estimate recovery state [17], as has previously been re-
ported [1,2]. This scale ranges from 6 to 20, where a higher score reflects better recovery.
The TQR scale obtained a Cronbach’s α value of 0.91 in the present study.

2.4.5. Rating of Perceived Exertion (RPE)

To assess subjective training intensity, the players reported themselves 15 to 30 min
after the end of each training session or match using the Borg CR-10 scale [20]. This method
has been validated for use in soccer players [21].

2.4.6. Training Load Monitoring

The duration (min) of each session and corresponding RPE for each player (15–30 min
after each session) were recorded to calculate the TL. Warm up, cool down and intra-session
rest were included in the training session duration. The session rating of perceived exertion
(s-RPE) method was used to calculate TL, monotony, and strain for each player [20,22,23].
TL for each session was calculated by multiplying session duration and RPE [20]. Daily TL
was calculated by adding the total TL for each session performed on a single day. For each
week, the mean daily TL divided by the standard deviation (SD) was used to calculate
monotony, which reflects TL variability throughout the week [2,22]. Monotony and total
weekly TL were multiplied to calculate strain, which reflects general training stress and
training variability [5,23]. The mean TL, monotony and strain were calculated for IW
and TW.

2.4.7. Statistical Analysis

The Statistical Package for the Social Sciences (v20.0, SPSS, SPSS Inc, Chicago, IL, USA)
was used to conduct all the statistical analyses. Data are expressed as means ± SD. The as-
sumption of normality was verified using the Kolmogorov–Smirnov test. Pearson’s product
moment correlations were used to validate the RPF scale by examining the strength of
the relationships between RPF, all the TL variables, well-being indices and TQR during
IW, TW, and the overall study period (2-week period training). The magnitude of cor-
relation coefficients was interpreted according to the following cutoffs: trivial (r < 0.1);
low (0.1 ≤ r < 0.3); moderate (0.3 ≤ r < 0.5); large (0.5 ≤ r < 0.7); very large (0.7 ≤ r < 0.9);
nearly perfect (0.9 ≤ r < 1); and perfect (r = 1) [24]. The differences between IW and TW
for all the TL variables (TL, monotony, and strain), RPF, well-being indices and TQR were
examined using Student’s paired t-tests. Cohen’s d effect sizes (ES) were used to interpret
the magnitude of the differences between training weeks [23], which were as follows: trivial
(0 < d ≤ 0.20), small (0.20 < d ≤ 0.50), medium (0.50 < d ≤ 0.80), or large (d > 0.80) [25].
An alpha level of 0.05 was used to determine statistical significance.
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3. Results

Data from 192 individual sessions or matches throughout the training period (IW and
TW) were included in the analyses. The training frequency and loads are shown in Table 3.

Table 3. The number of training sessions, training days, and overall weekly TL during each 1-week
microcycle analyzed in the present study.

Intensified Week (IW) Tapering Week (TW)

Training sessions 7 5

Training days 5 5

Match days per week 1 (friendly) 1 (official)

Rest days 1 1

Average weekly TL (AU) >2500 <1500
Abbreviation: AU (arbitrary units).

Table 4 presents the correlation of daily RPF with daily ratings of the Hooper index
and its subscales, TQR, and daily TL during the 2-week training period overall, and IW
and TW separately.

Table 4. Correlation coefficients (r) and magnitude of the correlation of daily ratings of physical
freshness (RPF) with daily ratings of sleep, stress, fatigue, delayed onset muscle soreness (DOMS),
Hooper index (HI), total quality of recovery (TQR) and daily training load (TL) during the 2-week
training period (TP), intensified week (IW) and tapering week (TW).

Sleep Stress Fatigue DOMS HI TQR TL

Daily
RPF TP

r −0.30 ** −0.25 ** −0.78 ** −0.79 ** −0.84 ** 0.82 ** −0.75 **

95%CL
Lower −0.43 −0.39 −0.84 −0.85 −0.90 0.76 −0.81

Upper −0.16 −0.11 −0.71 −0.72 −0.77 0.88 −0.70

Daily
RPF IW

r −0.29 ** −0.15 −0.72 ** −0.71 ** −0.81 ** 0.81 ** −0.66 **

95%CL
Lower −0.44 −0.34 −0.82 −0.82 −0.91 0.71 −0.76

Upper −0.11 −0.06 −0.62 −0.59 −0.68 0.90 −0.56

Daily
RPF TW

r −0.20 * −0.23 * −0.72 ** −0.76 ** −0.78 ** 0.75 ** −0.70 **

95%CL
Lower −0.42 −0.44 −0.88 −0.84 −0.88 0.60 −0.80

Upper 0.03 −0.02 −0.60 −0.67 −0.66 0.85 −0.58

Abbreviation: CL: confidence interval. * p < 0.05, ** p < 0.01.

Across the 2-week training period (IW and TW), weekly RPF was negatively correlated
with weekly TL (r = −0.81, p < 0.01, very large), monotony (r = −0.54, p < 0.01, large), strain
(r = −0.51, p < 0.01, large), HI (r = −0.91, p < 0.01, very large) and positively correlated with
weekly TQR (r = 0.76, p < 0.01, large) (Table 4). For the IW, weekly RPF was negatively
correlated with weekly TL (r = −80, p < 0.01, large), strain (r = −0.62, p < 0.01, large), HI
(r = −0.82, p < 0.01, very large) and positively correlated with weekly TQR (r= 0.91, p < 0.01,
very large). For the TW, weekly RPF was negatively correlated with weekly TL (r = −69,
p < 0.01, large), HI (r = −0.84, p < 0.01, very large) and positively correlated with weekly
TQR (r= 0.52, p < 0.05, large).

The TL, monotony and strain were significantly greater in IW than TW (ES = 2.70,
large; ES = 1.58, large; ES = 2.45, respectively, all p < 0.001; Figure 2). RPF and TQR were
significantly lower in IW than TW (ES = 2.31, large and ES = 2.47, large, respectively, both
p < 0.001). The HI was significantly greater (ES = 2.66, large, p < 0.001) in IW than TW
(Figure 3).
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4. Discussion

The present study aimed to create a practical approach to assess physical freshness
(RPF) in soccer players and validate it against training load and psychometric indices deter-
mined during training (intensified and taper periods). In this study, TL, monotony, strain
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well-being indices (sleep, stress, fatigue level and DOMS), TQR, and RPF decreased during
the TW, compared to IW. Importantly, RPF was strongly associated with TL, monotony,
strain, and psychometric status (sleep, stress, fatigue DOMS and TQR) during IW and TW,
indicating its validity for assessing physical freshness during these phases of training.

The reduction in TL, quantified by the s-RPE method, and the corresponding lower
level of monotony and strain during TW, was concomitant with decreased RPE low loads
and sufficient recovery likely reduced fatigue [16], resulting in decreased perceived exertion
and an improved feeling of freshness. The results from recent investigations indicated a
relationship between low monotony and strain and a low level of fatigue resulting from
suitable TL [5]. Buchheit et al. (2013) [26] reported that level of fatigue and recovery state
are associated with TL variables in soccer players at the professional level. Moalla et al.
(2016) [4] showed that daily TLs are also related to psychometric status (sleep, stress quality,
fatigue level and muscle soreness) in soccer players at the professional level. Thus, the
low level of fatigue during TW likely resulted from moderate loads, sufficient recovery,
and positive well-being [21]. Moreover, Selmi et al. in 2020 [2] showed that high TL,
monotony, and strain during intense training periods were associated with more negative
physiological and psychomotor states in soccer players.

This study demonstrated that RPF scores were lower in IW and higher in TW among
professional soccer players. RPF, across the whole 2-week training period and for each
training phase (IW and TW), was strongly associated with the corresponding weekly TL
variables. This study supported the efficacy of using the RPF scale as simple, non-invasive,
and as a useful marker for monitoring TL in soccer. Given the importance of physical
freshness in the acquisition and maintenance of technical skills, this measure could be
especially useful for informing and manipulating TL, according to the intent of each session.
Manipulating TL according to physical freshness during specific training periods and
sessions could also aid in preventing physical and mental fatigue in soccer players.

In the present study, the psychometric variables, including HI, TQR and RPF, im-
proved from IW to TW. This result agrees with that of Ouergui et al. [1], who indicated
that during taper training, fatigue was reduced, and well-being indices and recovery state
were improved in judo athletes. Furthermore, it has been widely reported that psycho-
metric status can be positively affected by lower training load variables, monotony, and
strain [1–3,7,9,22]. The change in psychometric status during TW might reflect positive
well-being, sufficient recovery and improved physical freshness at the end of the taper
period, compared to the IW. Moreover, TL-induced psychological stress could influence
RPF, particularly during periods of intensified training. In the present study, daily RPF
was positively related to daily TQR and negatively related to daily well-being indices
(sleep, stress, fatigue, DOMS and HI) in IW, TW, and across the 2-week training period.
Together, these strong relationships suggest that the RPF scale could be used as a rapid
assessment of overall recovery and fatigue level, and therefore markers of the current state
of fitness, in soccer players during intensified or tapering training and to provide important
details about the use of this tool (RPF) to adapt TLs.

While this study has described a simple physical freshness index as a new and effective
approach to assess well-being and recovery state among soccer athletes, the study was not
without limitations. First, the study sample size was small and included only professional
male soccer players, limiting the generalizability of conclusions. Second, the relationship
between physical freshness, technical performance (i.e., successful, and lost passes, tackles,
and interceptions) and time-motion parameters (i.e., total distance covered, time in different
intensity domains, number of sprints, etc.) should be examined. Third, while the training
program was controlled for all the players, it was not possible to control any additional
activities in which the players engaged outside of their training sessions. Finally, the study
was conducted during the middle of the competitive period; thus, the results cannot be
generalized to other training periods (e.g., preseason or post season).

To the best of our knowledge, this investigation is the first to create a new tool (RPF)
to detect physical freshness during intensified training and taper periods in professional
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soccer players. The results of this study support the use of RPF before training and
matches as a simple, non-fatiguing, non-invasive and effective measure for helping coaches,
physical coaches and medical staff to assess soccer players’ perceived physical freshness
statuses, which are reflective of their overall psychometric and perceived recovery statuses.
Technical staff should consider that higher training loads and greater pre-training fatigue
negatively affect the physical freshness of the players.

5. Conclusions

This study showed that RPF was strongly related to TL variables, well-being, and
recovery state during intensified and tapering training periods in professional soccer
players. These results offer support for the efficacy and utility of using RPF as part of an
overall program to monitor athlete readiness during training periods, training sessions, or
soccer matches among professional-level players. This tool may also be useful to inform
training programming to prevent excessive fatigue and insufficient recovery [27].

To extend the applicability of our findings, future investigations that examine physical
freshness should be conducted during different periods of the sport season and altering
different aspects (i.e., physical, technical, psychological); moreover, in these studies, players
of different sexes, ages and who play in different categories should be included.

Author Contributions: Conceptualization, O.S., D.E.L., A.M. and A.B.; Data curation, O.S., D.E.L.,
A.M. and A.B.; Formal analysis, O.S., D.E.L., A.M. and A.B.; Investigation, O.S., D.E.L., F.M.C., H.N.,
G.M., A.M. and A.B.; Methodology, O.S., D.E.L., F.M.C., H.N., G.M., A.M. and A.B.; Resources,
O.S., D.E.L., F.M.C., H.N., G.M., A.M., K.S. and A.B.; Software, O.S., D.E.L., F.M.C., H.N., G.M.,
A.M. and A.B.; Supervision, O.S., D.E.L., F.M.C., H.N., G.M., A.M. and A.B.; Validation, O.S., D.E.L.,
F.M.C., H.N., G.M., A.M. and A.B.; Visualization, O.S., D.E.L., F.M.C., H.N., G.M., A.M. and A.B.;
Writing—original draft, O.S., D.E.L., F.M.C., H.N., G.M., A.M. and A.B.; Writing—review and editing,
O.S., D.E.L., F.M.C., H.N., G.M., A.M., K.S. and A.B.; Project administration, O.S., D.E.L., F.M.C., H.N.,
G.M., A.M. and A.B. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no funding.

Institutional Review Board Statement: The study was conducted according to the Declaration of
Helsinki and the protocol was fully approved by the research ethics committee of High Institute
of Sports and Physical Education of Kef (ISSEP-Kef), University of Jendouba, Kef, 7100, Tunisia
(approval No. 011/2021).

Informed Consent Statement: Informed consent was obtained from all the subjects involved in
the study.

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

Acknowledgments: The authors thank all the subjects who participated in this study.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Ouergui, I.; Franchini, E.; Selmi, O.; Levitt, D.E.; Chtourou, H.; Bouhlel, E.; Ardigò, L.P. Relationship between perceived training

load, well-being indices, recovery state and physical enjoyment during judo-specific training. Int. J. Environ. Public Health 2020,
17, 7400. [CrossRef]

2. Selmi, O.; Ouergui, I.; Castellano, J.; Levitt, D.; Bouassida, A. Effect of an intensified training period on well-being indices,
recovery, and psychological aspects in professional soccer players. Eur. Appl. Psychol. 2020, 70, 100603. [CrossRef]

3. Clemente, F.M.; Mendes, B.; Nikolaidis, P.T.; Calvete, F.; Carriço, S.; Owen, A.L. Internal training load and its longitudinal
relationship with seasonal player wellness in elite professional soccer. Physiol. Behav. 2017, 179, 262–267. [CrossRef]

4. 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]

5. Selmi, O.; Ouergui, I.; Levitt, D.E.; Marzouki, H.; Knechtle, B.; Nikolaidis, P.T.; Bouassida, A. Training, psychometricstatus,
biological markers and neuromuscular fatigue in soccer. Biol. Sport 2021, 39, 319–327. [CrossRef]

6. Clemente, F.M.; Martinho, R.; Calvete, F.; Mendes, B. Training load and well-being status variations of elite futsal players across a
full season: Comparisons between normal and congested weeks. Physiol. Behav. 2019, 201, 123–129. [CrossRef]

http://doi.org/10.3390/ijerph17207400
http://doi.org/10.1016/j.erap.2020.100603
http://doi.org/10.1016/j.physbeh.2017.06.021
http://doi.org/10.1080/15438627.2016.1239579
http://doi.org/10.5114/biolsport.2022.104065
http://doi.org/10.1016/j.physbeh.2019.01.001


Int. J. Environ. Res. Public Health 2022, 19, 5836 11 of 11

7. Nobari, H.; Aquino, R.; Clemente, F.M.; Khalafi, M.; Adsuar, J.C.; Pérez-Gómez, J. Description of acute and chronic load, training
monotony and strain over a season and its relationships with well-being status: A study in elite under-16 soccer players. Physiol.
Behav. 2020, 225, 113117. [CrossRef]

8. Fessi, M.S.; Nouira, S.; Dellal, A.; Owen, A.; Elloumi, M.; Moalla, W. Changes of the psychophysical state and feeling of wellness
of professional soccer players during pre-season and in-season periods. Res. Sports Med. 2016, 24, 375–386. [CrossRef]

9. Mendes, B.; Palao, J.M.; Silvério, A.; Owen, A.; Carriço, S.; Calvete, F.; Clemente, F.M. Daily and weekly training load and wellness
status in preparatory, regular and congested weeks: A season-long study in elite volleyball players. Res. Sports Med. 2018, 26,
462–473. [CrossRef]

10. Clemente, F.M.; Silva, A.F.; Clark, C.C.; Conte, D.; Ribeiro, J.; Mendes, B.; Lima, R. Analyzing the seasonal changes and
relationships in training load and wellness in elite volleyball players. Int. J. Sports Physiol. Perform. 2020, 15, 731–740. [CrossRef]

11. Brink, M.S.; Nederhof, E.; Visscher, C.; Schmikli, S.L.; Lemmink, K.A. Monitoring load, recovery, and performance in young elite
soccer players. J. Strength Cond. Res. 2010, 24, 597–603. [CrossRef]

12. Selmi, O.; Gonçalves, B.; Ouergui, I.; Levitt, D.E.; Sampaio, J.; Bouassida, A. Influence of Well-Being Indices and Recovery State on
the Technical and Physiological Aspects of Play During Small-Sided Games. J. Strength Cond. Res. 2019, 35, 2802–2809. [CrossRef]

13. Bafirman, B. Analysis of Nutritional Status and Quality of Physical Fitness in Health and Sport Physical Education Learning
Outcomes Toward Pupil of Elementary School in Padang. Glob. J. Interdiscip. Soc. Sci. 2014, 3, 103–107.

14. Harriss, D.J.; MacSween, A.; Atkinson, G. Ethical standards in sport and exercise science research: 2020 update. Int. J. Sports Med.
2019, 40, 813–817. [CrossRef]

15. Durnin, J.V.; Womersley, J.V.G.A. Body fat assessed from total body density and its estimation from skinfold thickness: Measure-
ments on 481 men and women aged from 16 to 72 years. Br. J. Nutr. 1974, 32, 77–97. [CrossRef]

16. Nobari, H.; Fani, M.; Pardos-Mainer, E.; Pérez-Gómez, J. Fluctuations in well-being based on position in elite young soccer players
during a full season. Healthcare 2021, 9, 586. [CrossRef]

17. Kenttä, G.; Hassmén, P. Overtraining and recovery. Sports Med. 1998, 26, 1–16. [CrossRef]
18. Foster, C.; Florhaug, J.A.; Franklin, J.; Gottschall, L.; Hrovatin, L.A.; Parker, S.; Dodge, C. A new approach to monitoring exercise

training. J. Strength Cond. Res. 2001, 15, 109–115.
19. Hooper, S.L.; Mackinnon, L.T. Monitoring overtraining in athletes. Sports Med. 1995, 20, 321–327. [CrossRef]
20. Nobari, H.; Alves, A.R.; Clemente, F.M.; Perez-Gomez, J.; Clark, C.C.; Granacher, U.; Zouhal, H. Associations between variations

in accumulated workload and physiological variables in young male soccer players over the course of a season. Front. Physiol.
2021, 12, 233. [CrossRef]

21. Impellizzeri, F.M.; Rampinini, E.; Coutts, A.J.; Sassi, A.L.D.O.; Marcora, S.M. Use of RPE-based training load in soccer. Med. Sci.
Sports Exerc. 2004, 36, 1042–1047. [CrossRef]

22. Selmi, O.; Marzouki, H.; Ouergui, I.; BenKhalifa, W.; Bouassida, A. Influence of intense training cycle and psychometric status on
technical and physiological aspects performed during the small-sided games in soccer players. Res. Sports Med. 2018, 26, 401–412.
[CrossRef]

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

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

25. Cohen, J. Statistical Power Analysis for the Behavioral Sciences, 2nd ed.; Lawrence Erlbaum Associates Inc.: Hillsdale, NJ, USA, 1988;
Volume 13.

26. Buchheit, M.; Racinais, S.; Bilsborough, J.C.; Bourdon, P.C.; Voss, S.C.; Hocking, J.; Coutts, A.J. Monitoring fitness, fatigue and
running performance during a pre-season training camp in elite football players. J. Sci. Med. Sport 2013, 16, 550–555. [CrossRef]

27. Suzuki, K. Recent Progress in Applicability of Exercise Immunology and Inflammation Research to Sports Nutrition. Nutrients
2021, 13, 4299. [CrossRef]

http://doi.org/10.1016/j.physbeh.2020.113117
http://doi.org/10.1080/15438627.2016.1222278
http://doi.org/10.1080/15438627.2018.1492393
http://doi.org/10.1123/ijspp.2019-0251
http://doi.org/10.1519/JSC.0b013e3181c4d38b
http://doi.org/10.1519/JSC.0000000000003228
http://doi.org/10.1055/a-1015-3123
http://doi.org/10.1079/BJN19740060
http://doi.org/10.3390/healthcare9050586
http://doi.org/10.2165/00007256-199826010-00001
http://doi.org/10.2165/00007256-199520050-00003
http://doi.org/10.3389/fphys.2021.638180
http://doi.org/10.1249/01.MSS.0000128199.23901.2F
http://doi.org/10.1080/15438627.2018.1492398
http://doi.org/10.1097/00005768-199807000-00023
http://doi.org/10.1249/MSS.0b013e31818cb278
http://doi.org/10.1016/j.jsams.2012.12.003
http://doi.org/10.3390/nu13124299

	Introduction 
	Materials and Methods 
	Experimental Approach to the Problem 
	Participants 
	Procedure 
	Measures 
	Scales to Assess Physical Freshness, Well-Being, and Recovery States 
	Rating of Physical Freshness (RPF) 
	Well-Being Indices (Hooper Index) 
	Total Quality of Recovery (TQR) 
	Rating of Perceived Exertion (RPE) 
	Training Load Monitoring 
	Statistical Analysis 


	Results 
	Discussion 
	Conclusions 
	References

