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Abstract: This study aimed to investigate the changes in internal training intensity, well-being, and
countermovement jump (CMJ) performance and to determine their relationship across five weeks
of the pre-season training phase in professional soccer players. A total of 22 professional male
soccer players (age = 21.7 ± 4 years, body height = 185.9 ± 6.3 cm, body weight = 79 ± 6.3 kg,
BMI = 22.8 ± 1.4 kg·m−2; VO2max = 52.9 ± 3.2) from the Croatian Second League voluntary partici-
pated in this study. The players spent 2230 ± 117 min in 32 technical/tactical and strength/conditioning
training sessions, mostly at the low intensity zone (61%), and played 8 friendly matches at a high
intensity (>90%). A one-way repeated measure of analysis ANOVA revealed a significant difference
between weeks in CMJ performance (F(1,22) = 11.8, p < 0.001), with CMJ height in weeks 4 and 5
being likely to very likely higher than that noted in week 1. Moreover, significant differences be-
tween weeks were found in all internal training intensity measures (average [F(1,22) = 74.8, p < 0.001]
and accumulated weekly internal training intensity [F(1,22) = 55.4, p < 0.001], training monotony
[F(1,22) = 23.9, p < 0.001], and training strain [F(1,22) = 34.5, p < 0.001]). Likewise, differences were
observed for wellness status categories (fatigue [F(1,22) = 4.3, p = 0.003], sleep [F(1,22) = 7.1, p < 0.001],
DOMS [F(1,22) = 5.7, p < 0.001], stress [F(1,22) = 15.6, p < 0.001]), mood [F(1,22) = 12.7, p < 0.001], and
overall well-being status score (F(1,22) = 13.2, p < 0.001). Correlation analysis showed large negative
correlations between average weekly internal training intensity and fatigue (r = −0.63, p = 0.002),
DOMS (r = −0.61, p = 0.003), and WBI (r = −0.53, p = 0.011). Additionally, fatigue was significantly
associated (large negative correlation) with accumulated weekly internal training intensity (r = −0.51,
p = 0.014) and training strain (r = −0.61, p = 0.003). Small, but non-significant, correlations were found
between CMJ performance and wellness status measures. These findings highlight the utility and
simplicity of monitoring tools to improve athletes’ performance.

Keywords: training intensity; well-being; professional soccer

1. Introduction

It is commonly known that the prescription for a successful training program requires
the application of different training principles, including individualization, training inten-
sity progression, and recovery to bring an equilibrium between training and rest periods
to induce positive adaptations [1]. This fact requires that coaches not only concentrate on
varying intensities and exercise modalities, but also that they constantly monitor the inter-
nal training intensities (ITI) to better understand this state of adaptation to avoid possible
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chronic fatigue [2]. While using several ITI monitoring tools to record data such as heart rate
indices, blood lactate, oxygen uptake, and hormone levels is expensive and not available
for all players and teams, the subjective measures of ITI-like scales and questionnaires are
of great importance [3]. These scales and questionnaires have shown their effectiveness as
quick and easy methods for detecting early signs of tiredness and monitoring well-being to
optimize training and achieve high-level performance [4]. This may include the use of the
rating of perceived exertion (RPE), developed by Borg [5] and adopted by Foster et al. [6]
as s-RPE well-being indices including fatigue, stress, delayed onset muscle soreness, and
sleep, which have shown significant interactions among these items [7,8] and that they were
sensitive to increased training intensities, being factors that influence the technical-tactical
performances of soccer players [4]. Moreover, in addition to these tools and to the aim to
identify fatigue and adequate recovery during different training phases, several previous
studies have examined the countermovement jump performance (CMJ) as a measure of
neuromuscular fatigue [2,9,10].

Additionally, training intensities may vary according to the objectives of different
phases of an entire annual training season, including the pre-season, during which coaches
are striving to recondition players to attain the fitness levels of the past season, while during
the in-season, maintaining the fitness levels achieved during the pre-season is the main
objective [11]. This could apply to soccer players’ specific intensities in accordance with each
distinct phase [12], which could therefore have a different impact on the players’ abilities
to adapt, recover, and maintain their well-being. Specifically, previous researchers have
assessed these variables in the pre-season [13–15] and the in-season [16–18], comparing
both training periods [11,12,15]. Regarding the pre-season phase, it has been previously
reported by Buchheit et al. [13] that during the 2 weeks of pre-season camp, there were
significant day-to-day variations in training intensity (coefficient of variation [CV] = 66%)
and wellness measures (6–18%), while the overall well-being did not change substantially
throughout the camp, and that all well-being measures were related to delta training
intensity. Furthermore, Selmi et al. [19] showed that 4 weeks of intense training during
an early preparation period increased the training intensity and altered the technical
performance, and that the well-being state was related to successful passes, interceptions,
and ball losses during small-sided games.

Due to the specificity of the pre-season training phase and its role in preparing players
to handle the demands of the matches, and due to its specificity in terms of higher intensities
compared to those in the in-season period [11,12,15], tracking players adaptations to this
training period is of great interest, as it determines the success of the entire competitive
season. Moreover, variations in well-being and training intensity outcomes, as well as
relationships between them, must be determined when designing a training program for
different season phases. Special consideration should be given to the effects of previously
accumulated training intensity or neuromuscular fatigue on the fluctuations of the well-
being status. Furthermore, investigations conducted under real-world conditions, and not
simulations, are beneficial to coaches and team personnel because they provide a direct
assessment of the effects of various training intensities.

Considering all the aforementioned facts, the present study aimed to (a) investigate the
changes of ITI, well-being status, and CMJ performance across 5 weeks of the pre-season
training phase in professional soccer players and (b) examine the dose–response relation-
ship between ITI and CMJ performance with the variations in well-being status measures.

2. Materials and Methods
2.1. Study Design

This was a 5-week longitudinal study that aimed to investigate the ITI, well-being,
and CMJ responses of Croatian professional soccer players during the pre-season phase. In
a consensus statement released by intensity monitoring experts, these variables were rated
as practically useful and having medium to high reliability and validity [20]. After players
returned from an off-season break, the study began at the beginning of July and ended in the



Sports 2022, 10, 172 3 of 15

first week of August. The players spent 5 weeks of the study in a controlled environment
(training center). The team’s technical staff planned the entire training program during
the pre-season phase. Training characteristics during this period are presented in Table 1.
During the investigation, a total of 1764 observations were collected from training sessions
and matches.

Table 1. Description of the training program over the 5 weeks of the pre-season phase.

Measure Week 1 Week 2 Week 3 Week 4 Week 5

TE-TA sessions (n) 5 4 5 4 5

time
Σ 430 320 320 275 330

mean 86 80 80 68.8 66
SD 14.7 22.7 17.3 6.3 15.6

S&C sessions (n) 3 3 2 1 /

time
Σ 175 200 120 60 /

mean 58.3 66.7 60 60 /
SD 2.9 2.9 / / /

Matches (n) 1 1 2 2 2

2.2. Participants

A total of 22 male professional soccer players (age = 21.7 ± 4 years, body height = 185.9 ±
6.3 cm, body weight = 79± 6.3 kg, BMI = 22.8± 1.4 kg·m2; VO2max = 52.9 ± 3.2 mL kg−1 min−1)
from the same team competing in the Croatian Second League participated in this study. Goal-
keepers were excluded from the study due to their specific role on the team and their differing
physical demands. Inclusion criteria to participate in the study were: (i) participation in at least
85% of the training sessions, and (ii) being healthy (no pain or injury) at the beginning of the
pre-season phase. Participants provided their signed consent after being fully informed of the
experimental procedures.

2.3. Procedures

The team staff specified the training intensity, and the investigators had no influence
on this. All training sessions began with a 30 min general warm-up composed of 5–10 min
of jogging, 10–15 min of stretching, and 10–15 min of core exercises. The technical-tactical
(TE-TA) training included game-based training drills and technical exercises that lasted
60 to 90 min per session. All training sessions were conducted in a controlled environment
on the same regulation court. During the sessions, regular verbal support from the head
coach and staff was provided. The training intensity was manipulated by changes in rules
(e.g., number of players engaging in small-side games, court size etc.) and the work-rest
ratio within and between exercises. Strength and conditioning (S&C) training sessions con-
sisted of strength exercises with light to moderate intensity, plyometric drills, and specific
repeated sprint bouts. The S&C sessions mainly targeted lower-body segments with some
upper-body (e.g., bench press) exercises. The primary objective was to increase players’
strength and capacity for speed, agility, and endurance, as well as to enhance recovery
between training sessions. Additionally, over the 5-week period, players participated
in eight friendly matches. On each training day, daily subjective assessments of session
rating of perceived exertion (sRPE) and well-being questionnaire were completed to assess
ITI and well-being status, respectively. The sRPE assessment was previously introduced
to all players during regular training sessions (in-season phase). The CMJ height was
determined once a week prior to the first training session of the week. Additionally, the
30-15 Intermittent Fitness Test (30-15 IFT) was used to assess the ability to recover and
repeat intermittent activity to calculate players’ maximum oxygen uptake (VO2max).
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2.3.1. Internal Training Intensity

The sRPE was quantified by using the Borg CR10 scale (1 = very, very easy and
10 = extremely hard) [21]. This method has been widely used in soccer for the calculation
of training intensity [22,23]. Approximately 30 min following the completion of every
training session and match, players were given a full view of the scale and were required
to rate their perceived exertion by asking them: “How hard was your training session?”
The questionnaire was administered by the same researcher throughout the whole period
of investigation. To reduce the impact of hearing the ratings provided by other players, the
scores were given individually to each player. To calculate ITI, the sRPE value reported by
players was multiplied by the training duration (minutes). On days with two training ses-
sions, the ITIs were summed. For further analyses, the following variables were calculated
for each week: (a) meanITI—average ITI during each week, (b) sumITI—the accumulated
ITI calculated as the summation of the training intensities of all training sessions during
each week, (c) TM—training monotony calculated from the relation of meanITI to SD and
the corresponding week, and (d) TS—training strain calculated by the multiplication of
meanITI and TM. Moreover, the training sessions were divided into three intensity zones
according to RPE data: low-intensity zone (Z1) ≤ 4 A.U.; 4 > moderate intensity zone (Z2)
< 7 A.U.; and ≥7 high-intensity zone (Z3) [24].

2.3.2. Well-Being Status

To assess the daily well-being status of the players, a psychological questionnaire
(WB) [25] consisting of five cognitive perceptions of fatigue, sleep, delayed onset of muscle
soreness (DOMS), stress, and mood was applied. Players were required to rate each domain
using a five-point Likert Scale (1—worst quality to 5—best quality) by asking them: “Please
rate your level of fatigue, sleep quality, muscle soreness, mental stress, and mood.” The
questionnaire was administered by the same researcher, and the responses were recorded
individually to reduce the influence of other players on the scores. The well-being status
index (WBI) represents the sum of all five domains (scores ranging from 5 to 25).

2.3.3. Countermovement Jump

The CMJ was used to determine vertical jump height using a reliable and validated
photoelectric cell system Optojump (Microgate srl, Bolzano, Italy). The players were
instructed to conduct a downward movement followed by a full extension of the legs.
With their hands fixed to their hips, players were verbally encouraged to jump as high as
possible during each trial. Each player performed three jumps in a row, with a 15 s interval
between the jumps. The highest jump of three attempts was used for further analysis. Two
familiarization sessions were held seven days prior to the first week of the pre-season phase.
The session started with a standard warm-up, after which participants practiced the jumps
until they demonstrated consistent technique. The same experienced researcher performed
all measurements.

2.3.4. Aerobic Power Test

The 30-15IFT was used to calculate the VO2max of the players. On a 40 m straight
runway, the test includes 30 s shuttle run alternated with 15 s passive rest periods. The
running speed increases by 0.5 km/h every 45 s after the initial 8 km/h stage. An audible
signal beeped at appropriate intervals to control the speed of the test, with players required
to be within a 3 m tolerance zone at either end or the middle of the 40 m shuttle. Players
were directed to go forward to the closest line at each extremity and the center of the shuttle
at 20 m after successfully completing a level. Participants stopped voluntarily if they were
completely worn out or if they were unable to complete the 2 m lines three times in a row.
The speed of the last successfully completed stage was recorded as the maximum running
speed (VIFT). The VO2max was calculated by the following equation [26]:

VO2max (mL kg−1 min−1) = 28.3 − (2.15 × 1) − (0.741 × age) − (0.0357 × weight) + (0.058 × age × VIFT) + (1.03 × VIFT)
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The test was performed in the week preceding the first week of the pre-season phase.

2.3.5. Anthropometric Measures

Body height was measured with Harpenden Portable Stadiometer 603 VR (Holtain
LTD, Crosswell, UK). Body mass and BMI (body mass in kg/height in m2) were assessed
by the Tanita diagnostic scale (BC 418). Standardized conditions were followed in terms of
previous exercise, dietary intake, and skin temperature [27]. All measurements were taken
by the same experienced researcher.

2.4. Statistical Analysis

Descriptive statistics were presented in the form of mean, standard deviation (SD),
90% confidence limits (90% CL), or the coefficient of variation (CV%). The normality and
homogeneity of the data were analyzed using the Shapiro–Wilk test and the Levene test.
After confirming normality and sphericity assumptions, a one-way repeated measures
ANOVA was used to compare variables across the weeks. A Bonferroni post hoc test was
conducted and Cohen’s d was calculated for pairwise comparisons. The magnitude of
d was qualitatively interpreted using the following thresholds: <0.2, trivial; 0.2 to 0.6,
small; 0.6 to 1.2, moderate; 1.2 to 2.0, large; and 2.0 to 4.0, very large [28]. Additionally, the
magnitude-based inference was used to compare the differences in CMJ performance [29].
The chances of meaningful negative, trivial, or positive changes were determined qualita-
tively as follows: 1%, almost certainly not; 1–5%, very unlikely; 5–25%, unlikely; 25–75%,
possible; 75–95%, likely; 95–99%, very likely; 99%, almost certainly. The true difference was
deemed unclear if the chances of having poorer and better results were greater than 5%. To
analyze the daily variations in ITI, WB scores, and weekly CMJ performance, terms such
as “possibly” and “unclear” were used if the 90% confidence limits (CL) crossed one or
both smallest worthwhile change boundaries (SWC; calculated by using 0.3 coefficient of
variation), respectively. If the CL did not cross SWC boundaries, the effect was inferred
a probable [30]. Pearson’s correlation coefficients were calculated to establish the correla-
tions between internal ITI indices and well-being status measures. The threshold used to
qualitatively assess the correlations was based on the following criteria [30]: 0.1, trivial;
0.1–0.3, small; 0.3–0.5, moderate; 0.5–0.7, large; 0.7–0.9, very large; 0.9, nearly perfect. The
post hoc analysis to compute achieved power was conducted for a single within-subjects
factor assessed over five time points and correlationsusing Power Analysis and Sample
Size (PASS) software (version 15 LLC, Kaysville, UT, USA) and previously published rec-
ommendations [31]. The calculated power analyses (1-β) values were between 0.73 and 1
for all analyses with the sample size of twenty-two participants. The significance level was
set at p < 0.05. All data were analyzed using SPSS 28.0 statistical software (SPSS, Chicago,
IL, USA) and GraphPad Prism 9 (GraphPad Software, Inc., San Diego, CA, USA).

3. Results

In total, players spent 2230 ± 117 min in 32 training sessions, of which 23 were TE-TA
and 9 were S&C. The percentages of the number of training sessions and matches carried
out in the three intensity zones are presented in Figure 1. The highest percentage of Z3 was
determined during the matches, where Z1 and Z2 were lower than Z3. For TE-TA training
session, the significant difference in training session distribution across intensity was also
determined, in which Z2 and Z3 were lower than Z1. The players did not spend any of
the S&C in Z3, but a significant number of sessions were performed in Z1. According
to the distribution observed for the combined TE-TA and S&C training sessions, players
performed approximately 61, 25, and 14% in low, moderate, and high intensity, respectively.
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Figure 1. Percentage of the number of training sessions and matches carried out in the three in-
tensity zones. Z1—low intensity zone; Z2—moderate intensity zone; Z3—high intensity zone;
¥—significantly lower than Z1 and Z2 at p < 0.001; #—significantly lower than Z1 at p < 0.001;
§—significantly lower than Z3 at p < 0.001.

The daily internal training intensity well-being status measures observed over the
35 days of the pre-season phase are presented in Figures 2 and 3. The highest ITI was
observed on day 3 and between days 12 to 17. Lower values were observed after training
matches (2nd, 5th, and 6th match). Higher CVs were also noticed after the 6th, 7th, and 8th
matches, with values ranging from 35.7 to 45.9%. The greatest positive change happened
between days 11 and 12 (655.3%), while the greatest negative change appeared between
days 17 and 18 (−81.7%). For the well-being status index, the highest values were observed
in the first week of the investigation period (WBI: 18 to 20.3 a.u.). The highest CVs are
found on days 24 and 25, while the daily changes are lower (values ranging from −22.1 to
19.6%) when compared with changes in ITI. Moreover, lower WBI values are noticeable
after days of higher ITI (e.g., days 3, 17, 25).
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Figure 2. Daily internal training intensity (ITI) observed over the 35 days of the pre-season
phase (5 weeks). The grey area represents the smallest worthwhile change (SWC = coefficient
of variation × 0.3), and the error bars show 90% confidence limits (CL). If the CL crossed one or both
SWC boundaries, the terms “possibly” and “unclear” were used, respectively. The red line represents
within-days intensity variations (CV%). MD—match day.

Values of countermovement jump (CMJ) height over the five measurement points
are presented in Figure 4. One-way repeated measures ANOVA revealed a significant
difference between testing occasions (F(1,22) = 11.8, p < 0.001). Additionally, compared with
week 1 (baseline), CMJ height in weeks 4 and 5 were likely to be higher, respectively. Cohen
d values ranged from 0.42 to 0.47, representing a small effect.



Sports 2022, 10, 172 7 of 15
Sports 2022, 10, x FOR PEER REVIEW 7 of 16 
 

 

 
Figure 3. Daily well-being status index (WBI) observed over the 35 days of the pre-season (5 weeks). 
The grey area represents the smallest worthwhile change (SWC = coefficient of variation × 0.3), and 
the error bars show 90% confidence limits (CL). If the CL crossed one or both SWC boundaries, the 
terms “possibly” and “unclear” were used, respectively. The red line represents within-days well-
being status variations (CV%). 

Values of countermovement jump (CMJ) height over the five measurement points 
are presented in Figure 4. One-way repeated measures ANOVA revealed a significant 
difference between testing occasions (F(1,22) = 11.8, p < 0.001). Additionally, compared with 
week 1 (baseline), CMJ height in weeks 4 and 5 were likely to be higher, respectively. 
Cohen d values ranged from 0.42 to 0.47, representing a small effect. 

 
Figure 4. Countermovement jump (CMJ) height observed over the 5 weeks of the pre-season phase. 
The grey area represents the smallest worthwhile change (SWC = coefficient of variation × 0.3), and 
the error bars show 90% confidence limits (CL). If the CL crossed one or both SWC boundaries, the 
terms “possibly” and “unclear” were used, respectively. The red line represents within-weeks CMJ 
variations (CV%); #—significantly higher than W1. 

Table 2 represents ITI and well-being status measures across 5 weeks of investigation. 
Significant differences between weeks were found in all ITI measures (meanITI [F(1,22) = 
74.8, p < 0.001], sumITI [F(1,22) = 55.4, p < 0.001], TM [F(1,22) = 23.9, p < 0.001], and TS [F(1,22) = 
34.5, p < 0.001]). Post hoc analysis revealed that for meanITI, week 1 was statistically dif-
ferent from all other weeks. Almost similar was the result for sumITI, where week 1 was 
statistically different from all weeks, except week 3. For well-being status measures, one-
way repeated measures ANOVA revealed a significant difference between weeks in all 
domains (fatigue [F(1,22) = 4.3, p = 0.003], sleep [F(1,22) = 7.1, p < 0.001], DOMS [F(1,22) = 5.7, p < 
0.001], stress [F(1,22) = 15.6, p < 0.001]), and mood [F(1,22) = 12.7, p < 0.001]), as well as overall 

Figure 3. Daily well-being status index (WBI) observed over the 35 days of the pre-season (5 weeks).
The grey area represents the smallest worthwhile change (SWC = coefficient of variation × 0.3), and
the error bars show 90% confidence limits (CL). If the CL crossed one or both SWC boundaries,
the terms “possibly” and “unclear” were used, respectively. The red line represents within-days
well-being status variations (CV%).
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Figure 4. Countermovement jump (CMJ) height observed over the 5 weeks of the pre-season phase.
The grey area represents the smallest worthwhile change (SWC = coefficient of variation × 0.3), and
the error bars show 90% confidence limits (CL). If the CL crossed one or both SWC boundaries, the
terms “possibly” and “unclear” were used, respectively. The red line represents within-weeks CMJ
variations (CV%); #—significantly higher than W1.

Table 2 represents ITI and well-being status measures across 5 weeks of investiga-
tion. Significant differences between weeks were found in all ITI measures (meanITI
[F(1,22) = 74.8, p < 0.001], sumITI [F(1,22) = 55.4, p < 0.001], TM [F(1,22) = 23.9, p < 0.001], and
TS [F(1,22) = 34.5, p < 0.001]). Post hoc analysis revealed that for meanITI, week 1 was
statistically different from all other weeks. Almost similar was the result for sumITI, where
week 1 was statistically different from all weeks, except week 3. For well-being status
measures, one-way repeated measures ANOVA revealed a significant difference between
weeks in all domains (fatigue [F(1,22) = 4.3, p = 0.003], sleep [F(1,22) = 7.1, p < 0.001], DOMS
[F(1,22) = 5.7, p < 0.001], stress [F(1,22) = 15.6, p < 0.001]), and (mood [F(1,22) = 12.7, p < 0.001]),
as well as overall WBI score (F(1,22) = 13.2, p < 0.001). Post hoc analysis revealed that greatest
differences between weeks were found for WBI.

Measures of magnitude for multiple comparisons between weeks in ITI and well-being
status measures are presented in Figure 5. Large to very large effects are found for both
meanITI and sumITI for the week 1 vs. week 5 and week 3 vs. week 5 pairwise comparisons.
Lower values (trivial to moderate effect) were found for the well-being status domains
sleep and DOMS.
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Table 2. Internal training intensity and well-being status measures of soccer players over the 5 weeks
of the pre-season phase.

Measure W1 W2 W3 W4 W5

meanITI
mean 549.3 483.2 1 485.6 1 356.1 1,2,3 294.3 1,2,3,4

SD 52.4 84.1 50.3 57.2 44.7

sumITI
mean 3035.7 2259.1 1 3310.9 2 1946.4 1,2,3 1647.3 1,3

SD 409.9 536.0 416.6 537.9 367.9

TM
mean 2.2 1.8 1 1.7 1,2 1.5 1,3 1.6 1,3

SD 0.3 0.3 0.2 0.3 0.2

TS
mean 6656.3 4104.4 1 5565.9 1,2 3022.8 1,3 2599.9 1,2,3

SD 1093.3 1322.3 1046.4 982.7 622.2

fatigue mean 3.3 3.1 3.2 2.9 3 3.3
SD 0.4 0.4 0.5 0.4 0.4

sleep mean 4.1 3.7 1 3.9 2 3.7 1 3.8
SD 0.3 0.4 0.3 0.4 0.4

DOMS
mean 3.6 3.2 1 3.4 3.2 1 3.3

SD 0.4 0.4 0.4 0.4 0.3

stress
mean 4.2 3.8 1 3.8 1 3.5 1,4 3.7 1

SD 0.4 0.4 0.4 0.6 0.4

mood
mean 4.3 4.0 1 4.0 3.7 1,4 4.0 1

SD 0.4 0.4 0.4 0.4 0.3

WBI
mean 19.3 17.7 1 18.3 17.1 1,3 18.1 1,5

SD 1.4 1.7 1.4 1.7 1.2
Legend: meanITI—average weekly internal intensity; sumITI—accumulated weekly internal intensity; TM—
training monotony; TS—training strain; DOMS—delayed onset of muscle soreness; WBI—well-being status index;
W—week; statistically different from 1 W1, 2 W2, 3 W3, 4 W4, 5 W5.
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sumITI—accumulated weekly internal intensity; TM—training monotony; TS—training strain;
DOMS—delayed onset of muscle soreness; WBI—well-being status index; W—week.

Pearson’s correlation coefficients between ITI and well-being status measures are
presented in Figure 6. Large negative correlations between mean ITI and fatigue (r = −0.63,
p = 0.002), DOMS (r = −0.61, p = 0.003), and WB (r = −0.53, p = 0.011), sumITI, and fatigue
(r = −0.51, p = 0.014), and TS and fatigue (r = −0.61, p = 0.003) were found. Moderate
to small correlations were found between TM and TS with well-being measures, but
without statistical significance. Moreover, small but non-significant correlations were found
between CMJ performance and well-being status measures.
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4. Discussion

This study aimed to assess the ITI, well-being status, and jumping performance
in professional soccer players during the five weeks of the pre-season phase preceding
the national league season. Additionally, the study aimed to determine the relationship
between ITI indices, CMJ performance, and well-being status measures. The main findings
of this study were as follows: (i) most TE-TA and S&C training sessions were performed
at low intensity, while the proportion of matches played at high intensity was over 90%;
(ii) lower daily WBI values were observed after days of higher ITI; (ii) CMJ performance
progressively increased over five weeks; (iii) in weeks with lower values of ITI, higher CMJ
performance was observed; (iv) significant differences were found for all ITI and well-being
status measures across the weeks, with TM and TS being lowest in the final week of the
pre-season phase; (v) large negative association was observed between average ITI and the
well-being status domains of fatigue, DOMS, and WB, as well as between accumulated ITI
and TS and fatigue.

Players spent the majority of their TE-TA and S&C sessions in the low intensity zone,
with a proportion of approximately 53% and 80%, respectively. Sessions at moderate
intensity took accounted for approximately 28% of the time for TE-TA trainings and 20%
of the time for S&C trainings, while high intensity was determined only for the TE-TA
trainings (approximately 20%) (Figure 1). Players’ performances in the combined TE-TA
and S&C training sessions occurred at approximately 61, 25, and 14% in the low, moderate,
and high intensity ranges, respectively. Training intensity distribution in this study across
the five weeks was almost identical to those reported by [32], in which U20 soccer players
completed over 60% of their training sessions at low intensity, while moderate and high
intensity constituted 25% and 15% of their total trainings, respectively. A more balanced
distribution was reported for Norwegian soccer [33] and Australian rugby [34] players;
hoverer, these investigations included the in-season (competition) phase, in which official
games took place. Furthermore, the high proportion of Z1 could be explained by the fact
that all training sessions were computed for analysis in this real-world scenario (including
recovery sessions with low training intensity).

During the five weeks of the pre-season phase, the accumulated ITI (average accu-
mulated weeklyITI: 2439.9 ± 224.7 a.u.) were similar to those reported for professional
senior soccer players [35,36], but higher than those reported for junior soccer players [23,37].
Significant week-to-week changes in average weekly ITI (0.5 to 26%) were determined
between weeks (Table 2), indicating that there was progression in the stimulus, as well as
inter-week variability. Lack of progression is associated with injury risk and poor athlete
performance [38]. Moreover, stabilization of the intensity may be one factor contributing
to a performance plateau. Athletes should not adopt the variability and progression of
the intensity based on the general absence of changes in the training intensity throughout
the week [39]. Similarly, significant week-to-week changes found in well-being status
measures (Table 2) clearly show that well-being and physical adaptations to training appear
to be significantly influenced by absolute training intensities collected over time and their
distribution over the weeks [40]. It is well known that subjective well-being commonly
deteriorates with an acute increase in training intensity and improves with an acute re-
duction in training intensity [41]. The TM and TS parameters (derived from sRPE) are
important factors related to negative adaptations to training [42]. In this study, the TM and
TS showed a significant decrease over the weeks (Table 2), with the highest values of 2.2
and 6656.3 in the first week, respectively. A similar TM pattern was observed in senior [15]
and junior soccer players [32,36] during the same period. A decrease in TM during tapering
is associated with improvement in physical match activity and therefore, represents a good
indicator of the state and readiness of the players [43]. However, recent systematic review
reflected that acute:chronic workload ratio (ACWR), along with TM, should be used to
better explain the physical capacities of players [44]. Given that the study period was five
weeks, the ACWR was not considered. Within-week variations for the TM (CV% from 13.2
to 16.8) and TS (CV% from 16.4 to 32.5) indicate individualized ITI responses, although the
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training program was similar for all players; however, this can be related to the different
physical demands of each playing position [32].

CMJ performance over the period of investigation showed a progressive increasing
trend (Figure 4). CMJ height in weeks 4 and 5 was most likely to very likely higher
when compared to week 1 (baseline). In week 2, athletes showed a slight decrease in
CMJ performance, but these changes were not meaningful. The progressive increase was
probably induced by the reduction of the training intensity in the following weeks of the
training program. In a study by Cruz et al. [40], CMJ performance progressively increased
when the training intensities were reduced over the nine weeks of the pre-season phase in
basketball. Moreover, similar observations were also reported for soccer [45], rugby [10],
volleyball [46] and futsal [47].

The secondary aim of this study was to examine the dose–response relationship
between ITI and the variations in well-being status measures (Figure 6). Results revealed
that fatigue largely correlated with average and accumulated weekly ITI and TS. Moreover,
DOMS and overall WB score were largely correlated with average ITI. Interestingly, non-
significant negative small to moderate correlations were observed between TM and all
well-being status measures. Similar results were found for soccer [48] and basketball
players [49], where fatigue and DOMS had higher correlations with ITI compared with
other well-being categories. No relationships with ITI are specifically confirmed for sleep,
where the authors found significant correlations with fatigue, DOMS, and overall well-being
score, but not with athletes’ sleep quality [7,18]. Additionally, variations in sleep quality,
fatigue, and DOMS were more sensitive to acute rather than chronic training intensity or
TM [50]. DOMS and perceived fatigue may be related to each other and are associated
with the physical strain players experience during training sessions, therefore presenting
high sensitivity to variations in ITI [49]. However, deeper analysis is required, as perceived
well-being indices can be influenced by other environmental factors, such as high altitude,
religious practices, league ranking, and match importance [51], which are not controlled in
this study. This is especially true for sleep, stress, and mood, which represent the psycho-
cognitive component of the well-being status and directly influence each other. Reducing
stress may enhance sleep quality, whereas sleep issues may have a negative impact on the
stress system and attenuate endocrine stress responses [52]. Moreover, the main contextual
factors to consider when identifying stress sources include negative organizational systems
and cultures, concerns about performance expectations and standards, career development
issues, negative aspects of interpersonal relationships, the demanding nature of work itself,
and issues regarding the work/non-work interface [53].

Since the CMJ test is reliable and well-accepted by professional athletes, it is useful
for identifying and quantifying fatigue in field conditions [54]. Despite the fact that the
CMJ height and well-being scores varied with training intensities, there was only a weak,
non-significant association between the two. This is in contrast with the previous studies in
which a significant relationship was determined between the two [55,56]. Similar findings
were reported in a study regarding wrestlers, in which the authors suggest that coaches
should analyze WBI instead of single well-being variables [57]. Another study conducted
on baseball players reports that a five-item well-being questionnaire demonstrated con-
sistency and efficiency; however, it did not reflect positive or negative changes in CMJ
performance [58]. Subjective and objective measures assess different aspects of fatigue.
This demonstrates that several subjective and objective factors need to be monitored for
making informed judgments, instead of concentrating on either subjective or objective
measurements alone, which has crucial implications for monitoring fitness and fatigue.

4.1. Study Limitations

Although conducted in a real-world scenario, this study has some limitations. The
observations were conducted during a professional pre-season phase; therefore, it was
impossible to form a control group or evaluate as many parameters as would have been
desirable. There were no objective internal or external intensity measurements applied and
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sRPE was the sole internal training intensity indicator, which may have inhibited a more
accurate measurement of the training’s physiological effects. As perceived effort scales
have been found to be highly linked with heart rate measurements and GPS information, it
would be interesting to include these variables to assess players’ responses to the training
stimulus. Moreover, the integrations of s-RPE with GPS data provide a better approach
to obtaining knowledge about TM [59]. Additionally, it is known that poor sleep and
nutritional habits can have negative effects on players’ performance [60,61]; however, due
to the nature of the study, these parameters could not be monitored.

4.2. Practical Applications

While some limitations were disclosed, this study possesses good ecological validity,
as it was conducted with professional soccer players during the pre-season phase before
the competitive season. Complementary research should be conducted to close the gap
between the theory and practice of training periodization. Coaches and others involved in
developing training programs should be aware of the significance of perceived exertion in
effectively monitoring soccer players’ well-being. Assessing relative training intensities
after a training session could be critical in determining whether neuromuscular fatigue and
DOMS, rather than disturbances in sleep, stress, and mood, will occur in players within
24 h. Although it is challenging to apply an individual approach, it is recommended that
different modalities should be used because each player responds differently to training
stimuli. Monitoring these measures during the pre-season assists coaches in preparing
players for the demands of matches during the in-season phase.

5. Conclusions

Lower daily WB values were observed after days of higher ITI; likewise, decrements
in weekly ITI induced positive CMJ performances, with a progressive trend over the weeks.
Significant week-to-week changes in ITI measures indicated that there was progression
in the stimulus and inter-week variability, which possibly reduced injury risk. Moreover,
inter-week variability in WB components clearly showed that well-being and physical
adaptations to training appeared to be significantly influenced by absolute training intensi-
ties. Only the meaningful correlations found between ITI and fatigue and DOMS support
previous findings of reduced sensitivity for psycho-cognitive perceptions of sleep, stress,
and mood. Neuromuscular fatigue and its relationship with well-being should be used as a
complementary analysis, with an increased number of objective and subjective measures
included in training monitoring. Overall, this study highlights the utility and simplicity of
monitoring tools to improve athletes’ performance. Coaches and sports scientists can more
effectively create and modify their training programs by using descriptions of the typical
ITI experienced by professional soccer players during preparation for the competitive
season. Lastly, a balanced training response/recovery ratio is important to effectively
increase players’ physical performance.

Author Contributions: Conceptualization, J.M. and G.K.; methodology, G.K.; formal analysis, G.K.;
investigation, J.M. and F.Ž.; data curation, J.M.; writing—original draft preparation, J.M., I.O., D.K.,
A.D.G. and G.K.; writing—review and editing, J.M., I.O., D.K., F.Ž., A.D.G. and G.K.; supervision,
G.K. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: All procedures were approved and in compliance with
the 1975 Declaration of Helsinki’s ethical guidelines for scientific investigations involving hu-
man subjects and its subsequent amendments by the University of Split, Faculty of Kinesiology
(number: 2181-205-02-05-22-015).

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

Data Availability Statement: Data can be provided on reasonable request.



Sports 2022, 10, 172 13 of 15

Acknowledgments: The authors wish to thank all players and team staff for their contributions to
this study.

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

References
1. Kasper, K. Sports Training Principles. Curr. Sports Med. Rep. 2019, 18, 95–96. [CrossRef] [PubMed]
2. Selmi, O.; Ouergui, I.; Levitt, D.E.; Marzouki, H.; Knechtle, B.; Nikolaidis, P.T.; Bouassida, A. Training, Psychometric Status,

Biological Markers and Neuromuscular Fatigue in Soccer. Biol. Sport 2022, 39, 319–327. [CrossRef] [PubMed]
3. Mujika, I. Quantification of Training and Competition Loads in Endurance Sports: Methods and Applications. Int. J. Sports

Physiol. Perform. 2017, 12, 9–17. [CrossRef] [PubMed]
4. 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. 2021, 35, 2802–2809. [CrossRef]
[PubMed]

5. Borg, G. Perceived Exertion as an Indicator of Somatic Stress—PsycNET. Scand. J. Rehabil. Med. 1970, 2, 92–98.
6. Foster, C.; Florhaug, J.A.; Franklin, J.; Gottschall, L.; Hrovatin, L.A.; Parker, S.; Doleshal, P.; Dodge, C. A New Approach to

Monitoring Exercise Training. J. Strength Cond. Res. 2001, 15, 109–115. [CrossRef]
7. 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]
8. Silva, R.M.; Clemente, F.M.; González-Fernández, F.T.; Nobari, H.; Oliveira, R.; Silva, A.F.; Cancela-Carral, J.M. Relationships

between Internal Training Intensity and Well-Being Changes in Youth Football Players. Healthcare 2022, 10, 1814. [CrossRef]
9. Freitas, V.H.; Nakamura, F.Y.; Miloski, B.; Samulski, D.; Bara-Filho, M.G. Sensitivity of Physiological and Psychological Markers

to Training Load Intensification in Volleyball Players. J. Sports Sci. Med. 2014, 13, 571.
10. Johnston, R.D.; Gibson, N.V.; Twist, C.; Gabbett, T.J.; MacNay, S.A.; MacFarlane, N.G. Physiological Responses to an Intensified

Period of Rugby League Competition. J. Strength Cond. Res. 2013, 27, 643–654. [CrossRef]
11. Jeong, T.S.; Reilly, T.; Morton, J.; Bae, S.W.; Drust, B. Quantification of the Physiological Loading of One Week of “Pre-Season”

and One Week of “in-Season” Training in Professional Soccer Players. J. Sports Sci. 2011, 29, 1161–1166. [CrossRef] [PubMed]
12. Nobari, H.; Ramachandran, A.K.; Brito, J.P.; Oliveira, R. Quantification of Pre-Season and In-Season Training Intensity across an

Entire Competitive Season of Asian Professional Soccer Players. Healthcare 2022, 10, 1367. [CrossRef] [PubMed]
13. Buchheit, M.; Racinais, S.; Bilsborough, J.C.; Bourdon, P.C.; Voss, S.C.; Hocking, J.; Cordy, J.; Mendez-Villanueva, A.; 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] [PubMed]

14. Manzi, V.; Bovenzi, A.; Impellizzeri, M.F.; Carminati, I.; Castagna, C. Individual Training-Load and Aerobic-Fitness Variables in
Premiership Soccer Players during the Precompetitive Season. J. Strength Cond. Res. 2013, 27, 631–636. [CrossRef]

15. 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]

16. Oliveira, R.; Brito, J.P.; Martins, A.; Mendes, B.; Marinho, D.A.; Ferraz, R.; Marques, M.C. In-Season Internal and External Training
Load Quantification of an Elite European Soccer Team. PLoS ONE 2019, 14, e0209393. [CrossRef]

17. Malone, S.; Owen, A.; Newton, M.; Mendes, B.; Tiernan, L.; Hughes, B.; Collins, K. Wellbeing Perception and the Impact on
External Training Output among Elite Soccer Players. J. Sci. Med. Sport 2018, 21, 29–34. [CrossRef]

18. Thorpe, R.T.; Strudwick, A.J.; Buchheit, M.; Atkinson, G.; Drust, B.; Gregson, W. Monitoring Fatigue During the In-Season
Competitive Phase in Elite Soccer Players. Int. J.Sports Physiol. Perform. 2015, 10, 958–964. [CrossRef]

19. 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]

20. Bourdon, P.C.; Cardinale, M.; Murray, A.; Gastin, P.; Kellmann, M.; Varley, M.C.; Gabbett, T.J.; Coutts, A.J.; Burgess, D.J.; Gregson,
W.; et al. Monitoring Athlete Training Loads: Consensus Statement. Int. J. Sports Physiol. Perform. 2017, 12, 161–170. [CrossRef]

21. Borg, G. Borg’s Perceived Exertion and Pain Scales; Human Kinetics: Champaign, IL, USA, 1998.
22. Pereira, L.A.; Freitas, T.T.; Zanetti, V.; Loturco, I. Variations in Internal and External Training Load Measures and Neuromuscular

Performance of Professional Soccer Players During a Preseason Training Period. J. Hum. Kinet. 2022, 81, 149–162. [CrossRef]
[PubMed]

23. Nobari, H.; Alves, A.R.; Haghighi, H.; Clemente, F.M.; Carlos-Vivas, J.; Pérez-Gómez, J.; Ardigò, L.P. Association between
Training Load and Well-Being Measures in Young Soccer Players during a Season. Int. J. Environ. Res. Public Health 2021, 18, 4451.
[CrossRef] [PubMed]

24. Seiler, K.S.; Kjerland, G.Ø. Quantifying Training Intensity Distribution in Elite Endurance Athletes: Is There Evidence for an
“Optimal” Distribution? Scand. J. Med. Sci. Sports 2006, 16, 49–56. [CrossRef] [PubMed]

25. McLean, B.D.; Coutts, A.J.; Kelly, V.; McGuigan, M.R.; Cormack, S.J. Neuromuscular, Endocrine, and Perceptual Fatigue Responses
during Different Length between-Match Microcycles in Professional Rugby League Players. Int. J. Sports Physiol. Perform. 2010, 5,
367–383. [CrossRef] [PubMed]

http://doi.org/10.1249/JSR.0000000000000576
http://www.ncbi.nlm.nih.gov/pubmed/30969230
http://doi.org/10.5114/biolsport.2022.104065
http://www.ncbi.nlm.nih.gov/pubmed/35309535
http://doi.org/10.1123/ijspp.2016-0403
http://www.ncbi.nlm.nih.gov/pubmed/27918666
http://doi.org/10.1519/JSC.0000000000003228
http://www.ncbi.nlm.nih.gov/pubmed/31403575
http://doi.org/10.1519/1533-4287(2001)0152.0.CO;2
http://doi.org/10.1080/15438627.2016.1239579
http://doi.org/10.3390/healthcare10101814
http://doi.org/10.1519/JSC.0b013e31825bb469
http://doi.org/10.1080/02640414.2011.583671
http://www.ncbi.nlm.nih.gov/pubmed/21777053
http://doi.org/10.3390/healthcare10081367
http://www.ncbi.nlm.nih.gov/pubmed/35893188
http://doi.org/10.1016/j.jsams.2012.12.003
http://www.ncbi.nlm.nih.gov/pubmed/23332540
http://doi.org/10.1519/JSC.0b013e31825dbd81
http://doi.org/10.1080/15438627.2016.1222278
http://doi.org/10.1371/journal.pone.0209393
http://doi.org/10.1016/j.jsams.2017.03.019
http://doi.org/10.1123/ijspp.2015-0004
http://doi.org/10.1080/15438627.2018.1492398
http://doi.org/10.1123/IJSPP.2017-0208
http://doi.org/10.2478/hukin-2022-0012
http://www.ncbi.nlm.nih.gov/pubmed/35291639
http://doi.org/10.3390/ijerph18094451
http://www.ncbi.nlm.nih.gov/pubmed/33922250
http://doi.org/10.1111/j.1600-0838.2004.00418.x
http://www.ncbi.nlm.nih.gov/pubmed/16430681
http://doi.org/10.1123/ijspp.5.3.367
http://www.ncbi.nlm.nih.gov/pubmed/20861526


Sports 2022, 10, 172 14 of 15

26. Buchheit, M. The 30-15 Intermittent Fitness Test: Accuracy for Individualizing Interval Training of Young Intermittent Sport
Players. J. Strength Cond. Res. 2008, 22, 365–374. [CrossRef]

27. Kyle, U.G.; Bosaeus, I.; De Lorenzo, A.D.; Deurenberg, P.; Elia, M.; Manuel Gómez, J.; Lilienthal Heitmann, B.; Kent-Smith, L.;
Melchior, J.-C.; Pirlich, M.; et al. Bioelectrical Impedance Analysis—Part II: Utilization in Clinical Practice. Clin. Nutr. 2004, 23,
1430–1453. [CrossRef]

28. Cohen, J. Statistical Power Analysis. Curr. Dir. Psychol. Sci. 1992, 1, 98–101. [CrossRef]
29. Batterham, A.M.; Hopkins, W.G. Making Meaningful Inferences about Magnitudes. Int. J. Sports Physiol. Perform. 2006, 1, 50–57.

[CrossRef]
30. Hopkins, W.G.; Marshall, S.W.; Batterham, A.M.; Hanin, J. Progressive Statistics for Studies in Sports Medicine and Exercise

Science. Med. Sci. Sports Exerc. 2009, 41, 3–12. [CrossRef]
31. Sim, J.; Wright, C.C. The Kappa Statistic in Reliability Studies: Use, Interpretation, and Sample Size Requirements. Phys. Ther.

2005, 85, 257–268. [CrossRef]
32. Borges, T.O.; Moreira, A.; Thiengo, C.R.; Medrado, R.G.S.D.; Titton, A.; Lima, M.R.; Marins, A.N.; Aoki, M.S. Training Intensity

Distribution of Young Elite Soccer Players. Rev. Bras. Cineantropometria Desempenho Hum. 2019, 21. [CrossRef]
33. Algrøy, E.A.; Hetlelid, K.J.; Seiler, S.; Pedersen, J.I.S. Quantifying Training Intensity Distribution in a Group of Norwegian

Professional Soccer Players. Int. J. Sports Physiol. Perform. 2011, 6, 70–81. [CrossRef] [PubMed]
34. Lovell, T.W.J.; Sirotic, A.C.; Impellizzeri, F.M.; Coutts, A.J. Factors Affecting Perception of Effort (Session Rating of Perceived

Exertion) during Rugby League Training. Int. J. Sports Physiol. Perform. 2013, 8, 62–69. [CrossRef] [PubMed]
35. Arcos, A.L.; Martínez-Santos, R.; Yanci, J.; Mendiguchia, J.; Méndez-Villanueva, A. Negative Associations between Perceived

Training Load, Volume and Changes in Physical Fitness in Professional Soccer Players. J. Sports Sci. Med. 2015, 14, 394.
36. Clemente, F.M.; Clark, C.; Castillo, D.; Sarmento, H.; Nikolaidis, P.T.; Rosemann, T.; Knechtle, B. Variations of Training Load,

Monotony, and Strain and Dose-Response Relationships with Maximal Aerobic Speed, Maximal Oxygen Uptake, and Isokinetic
Strength in Professional Soccer Players. PLoS ONE 2019, 14, e0225522. [CrossRef]
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