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Abstract

Despite load monitoring being considered an integral part of targeted performance manage-

ment, including injury and illness prevention, there is currently no consensus of an effective

monitoring system in professional soccer. Thus, the aims were to apply an integrative load

monitoring approach, previously established in rink-hockey, in professional soccer; extend

this approach with further data (Short Recovery and Stress Scale); assess this (extended)

approach, thereby further evaluating the relationship between the used external load (EL)

measures (total distance, distance above 55% and 70% of individual maximal speed, num-

ber of accelerations and decelerations > 4 m/s2, total loading) and the internal load (IL) mea-

sure session rate of perceived exertion training load (sRPE-TL) as well as between the used

EL measures and sRPE. This retrospective observational cohort study analyzed data from

a Swiss team collected over a 14 week-period during the 2021/22 season. Based on our

findings, the integrative approach tested proved to be an applicable load monitoring tool in

professional soccer, placing players on a fitness-fatigue continuum throughout the different

microcycle sessions without using tests, thus providing relevant information to individually

tailor training programs. sRPE-TL (ρ [95% CI] = .55 [.51 to .59] to .87 [.85 to .88]; all p <
.001) better reflected the EL experienced by players than sRPE (ρ [95% CI] = .45 [.40 to .50]

to .71 [.69 to .75]; all p < .001) supporting the definition of sRPE-TL as a measure of IL. How-

ever, for even stronger relevance of the tested tool, further research is warranted, especially

to ascertain its sensitivity and determine an optimal selection of EL and IL measures. In

sum, the present data clearly demonstrate the importance of load management taking place

at an individual level, even within team structures, thereby analyzing a set of both EL and IL

measures.

Introduction

There is widespread agreement both in sport science and practice for load monitoring being

an integral part of any targeted performance management, which also includes injury and
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illness prevention [1–5]. Training and competition load of athletes can be defined as input var-

iable that coaches intending to elicit certain training induced adaptations (as this term includ-

ing competitions) in their athletes usually try to manipulate [6]. Measures of training or

competition load can be categorized as either external or internal, depending on whether they

refer to measurable aspects occurring externally or internally to the athlete [2, 4, 5]. External

loads (EL) are objective measures of the work performed by an athlete during training or com-

petition. In contrast, internal loads (IL) refer to the relative biological (both physiological and

psychological) stressors imposed on the athlete during training or competition [2, 4].

Within load monitoring, an integrated approach, rigorous and consistent, combining both

external and internal loads, is considered to provide more significant information about the

stress–which elicits various psychophysiological responses leading to training induced adapta-

tions–experienced by athletes than interpretations based on isolated data [2, 4, 5]. The way

that external and internal loads interact (i.e., on a continuum from coupling to divergence)

may also allow to identify how athletes are coping with their training and to differentiate

between a non-fatigued and a fatigued athlete [7] or further to identify the “state” of an athlete

on a fitness-fatigue continuum [3, 4, 8]. In doing so, the term fitness is associated with the abil-

ity to cope with a certain level of standardized EL with a lower IL response than was recently

the case. In contrast, a comparatively higher IL on a given EL under standardized conditions,

up to the inability to complete a task that was once achievable within a recent time frame, is

related to fatigue or a declining fitness level [3, 4, 7]. In the context of team sports, external and

internal loads have been related through an internal-to-external or external-to-internal load

ratio with the resulting quotient often termed efficiency index (Effindex) [8]. There are different

ways to calculate the Effindex, and the most appropriate method needs to be determined in each

team sport setting [8].

Despite and/ or due to a number of recent evolutions in the field of athlete load manage-

ment, with various related factors and processes interacting [2, 3, 9, 10], there is currently no

consensus of an effective monitoring system in professional soccer [2, 5, 10]. Specifically, rele-

vant evolutions were: i) the relevance of professional load management could be established

more widely [3, 5, 8, 11]; ii) new technologies nowadays offer numerous possibilities for con-

tinuous monitoring of various parameters of a player both inside and outside training sessions,

which iii) has been accompanied by a massive increase in available (load) measures [2, 3, 5,

11]; iv) an increase in knowledge and a variety of different analytical approaches arising from

enhanced research, including efforts to incorporate personal experiences and anecdotal infor-

mation [2, 3, 5, 10]. However, it is evident, that there is also a need to ensure appropriate mon-

itoring of individuals within a team environment [2, 3, 8, 10]. As it is recommended to

practitioners to select or adapt evidence-based practices or analytical approaches situation-spe-

cific and based on a critical thinking process, with a healthy dose of skepticism and awareness

of appropriate theoretical frameworks [2, 11, 12], the existence of different analytical load

monitoring approaches seems reasonable.

Recently, Fernández et al. (2021) [13] presented an integrative approach to external and

internal load dynamics of rink hockey players for monitoring fitness and fatigue status of spe-

cific in-court training sessions in a standard one-match-per-week microcycle. By analyzing the

relationship between EL and IL measures, the players are placed in the fitness-fatigue contin-

uum throughout the different microcycle sessions without using tests. The information ulti-

mately being presented in an easily understandable figure, which in its principle is shown in

Fig 1, also means one of the important criteria for practical application can be met. This relates

to a crucial aspect of effective monitoring that the large amount of data/ information can be

simplified with reporting only a few key metrics and provide them to decision-makers in an

easily accessible and engaging format [2, 3, 12].
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Although the theoretical assumptions underlying the approach presented by Fernández

et al. (2021) [13] appear to be coherent, this approach does not yet seem mature enough to be

used in practice in a way that would undoubtedly add value. The most central point is, as far as

now, it remains unclear whether indicated fatigue (resp. fitness) actually is fatigue (resp. fit-

ness). If so, are meaningful differences detected? In addition, it is unclear what data (amount/

time span) is required to achieve significant information. Furthermore, to the best of our

knowledge, there is no application of an approach similarly presented by Fernández et al.

(2021) [13] in other sports than rink hockey. Especially in other sports, the selection and, if

necessary, weighting of the external and internal load measures considered can possibly be

optimized.

While a comparison with fatigue-related parameters may provide further insight into the

fatigue-fitness question [14, 15], both theoretical-statistical and practice-contextual consider-

ations seem to be necessary regarding data selection. As the Short Recovery and Stress Scale

(SRSS) can provide information about the recovery-stress state of an athlete [16–18], extending

the SRSS data to the approach presented by Fernández et al. (2021) [13] may yield further

insights into how indicated fatigue (resp. fitness) signifies fatigue (resp. fitness).

Fig 1. Fundamental principle of the descriptive method of the integrative load monitoring approach as used in

the present study.

https://doi.org/10.1371/journal.pone.0286372.g001
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The aim of this research is to: i) apply the integrative load monitoring approach presented

in rink hockey by Fernández et al. (2021) [13] in professional soccer; ii) extend this approach

with further data (Short Recovery and Stress Scale), iii) assess this (extended) approach by crit-

ically examining the classification of the player’s sessions on the fitness-fatigue continuum

contextually and literature based, thereby further iv) evaluating the relationship between EL

and IL (session rate of perceived exertion training load; sRPE-TL) measures as well as between

EL measures and sRPE in professional soccer.

Materials and methods

Study design and research methods

A retrospective observational cohort study was implemented on a professional Swiss men soc-

cer team over a 14 week-period during the second phase of the 2021–2022 season. In this

phase the team competed in the highest national championship (Credit Suisse Super Lea-

gue1) as well as the national cup competition (Helvetia Schweizer CupTM) in Switzerland. In

addition to 15 championship matches and one cup match, there was one test match. Beside a

one-week international break, in which the test match took place, ten weeks with one match

and three weeks with two matches were scheduled.

The data analyzed came from daily routine monitoring of the players. Before each session

multiple facets of recovery and stress states of an athlete were assessed using the SRSS. External

and internal load data were collected during and after each training session and match, respec-

tively. Data from rehabilitation, strength (no strength sessions at team level, possible through

self-initiative) or additional off-court recreational training sessions were excluded. The same

applies to on-field sessions which a player completed outside the team analyzed (e.g., U21).

This study did not influence or alter the sessions in any way. The training sessions included all

the activities on the pitch (i.e., warm-up, main part and, if performed, cool-down and/ or addi-

tional individual drills). For matches, only the match playing time was considered for both EL

and IL (i.e., warm-up activities were excluded). The training sessions and matches took place

on natural grass pitches and artificial turf pitches. The pitch surface in training was chosen

depending on weather conditions, infrastructural conditions, and the next match.

With the aim of testing the approach presented by Fernández et al. (2021) [13] for daily

applicability and with the idea that more data of an athlete may lead to more precise z-scores,

the data of all sessions of the 14 week-period were considered for the analysis. This means, for

example, regardless of whether at all respective how long a player was fielded in the previous

or next match [19], the microcycle structure [20, 21] or situational and environmental condi-

tions [22–24].

The training sessions were classified according to the number of days before or after a

match day (i.e., matchday (md) minus or plus), with the assignment to a match being chosen

according to the focus of a training session. For example, md-2 means a training session

focused on upcoming match and took place 2 days before match day. In training sessions clas-

sified as matchday plus one (md+1), the players with little playing time in the preceding match

trained on the pitch, while the players with more playing time followed an individual regenera-

tion program off the pitch. The label general was assigned, if a training session was without

focus on a match (e.g., first part of international break). If multiple sessions were scheduled at

one day, EL and IL was summarized for each athlete.

Data (session of an athlete) were excluded from the analysis if no data was available for at

least one of the external (n = 0) and internal (n = 260) load measures. Such missing values

could be explained by problems with the devices used to measure the EL or by players not

answering the sRPE-questionnaires. Furthermore, a minimum of 20 sessions per player was
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defined to have a certain basis for the calculation of z-score values, whereby the players fea-

tured a greater number of sessions for differently classified days of a microcycle and for which

an associated build-up time (i.e., ca. 3 to 4 weeks) was considered reasonable. The total num-

ber of sessions included as well as the distribution of these sessions regarding their classifica-

tion within a microcycle are summarized at the beginning of the results.

Participants

A total of N = 27 field players of the team under observation were asked to take part in this study.

Goalkeepers were excluded due to their different activity profile compared to field positions [25].

The eligible players were screened for health contraindications by the internal club sports medi-

cine staff as part of their normal care of the team, which meant that the only inclusion criterion

was participating in the team’s training and match activities during the data collection period. All

of them gave written informed consent voluntarily. Although the data were collected as part of the

players’ professional employment [26], ethical approval was obtained from a local ethics commit-

tee (Wrocław University of Health and Sport Sciences, Wrocław, Poland, identification number:

9/2023, 31 March 2023). After excluding players with less than 20 sessions with complete datasets

(n = 2), the sample size considered for the analysis was n = 25. Selected biometric and positional

data of these players are summarized at the beginning of the results.

External load

A variety of external load measures were monitored for each player using global navigation

satellite system (GNSS) technology (Apex Pro, STATSports, Newry, Ireland) (Apex Pro,

STATSports, Newry, Ireland) with 10 Hz sampling. The validity and reliability of the STAT-

Sports Apex 10 Hz system were previously reported elsewhere [27–29]. Apex 10 Hz is a multi

GNSS augmented unit, capable of acquiring and tracking multiple satellite systems (e.g., GPS,

GLONASS, Galileo, BeiDou) concurrently to provide the best possible position information.

The Apex GNSS model reports information about the number of satellites connected

(M = 14.9, SD = 1.5, range 11 to 21), which was slightly lower than reported in previous litera-

ture [27, 28, 30]. The Apex units present the following characteristics: 30 mm (wide) × 80 mm

(high) dimensions, 48 g weight, 100 Hz gyroscope, 100 Hz tri-axial accelerometer, and 10 Hz

magnetometer. For each athlete an Apex unit was placed, according to manufacturer’s instruc-

tions, on the upper back between the right and left scapula through a vest. After data collection

on the pitch, the Sonra software (Sonra 4.0, STATSports, Newry, Ireland) was used to down-

load all data recorded by the GNSS and precisely define the session of each player (i.e., in train-

ings from the beginning of the official warm-up to the end of the last drill; in matches: the

respective playing time). The data was then exported as a csv file for further analysis. To avoid

inter-unit errors, players wore the same GNSS device and vest in each session.

The following external load measures were selected for analysis: total distance [m], distance

above 55% of individual maximal speed [m], distance above 70% of individual maximal speed

[m], number of accelerations > 4 m/s2, number of decelerations > 4 m/s2 and total loading

[arbitrary units]. The distance-related measures, accelerations, decelerations, all of them with

their respective thresholds, were selected because they have been used most frequently in prac-

tice and in studies analyzing external load (especially in soccer), and literature proposes to con-

sider them [5, 10, 31, 32]. The latter also applies to total loading. Furthermore, these measures

are similar to the one used by Fernández et al. (2021) [13]. Total loading gives the total of the

forces on the player over the entire session based on accelerometer data alone and without any

weightings. It uses the magnitude of the accelerometer values taken in three directions, sam-

pled with 100 Hz. The total is scaled by 1000 to give manageable values. In many cases it is
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recommended to work with fixed speed thresholds [5, 10], which seems reasonable from vari-

ous aspects. In contrast and given load management should take place at the individual level

[2, 10], relative speed thresholds have been chosen for the purpose of the present analysis [31,

32]. The percentage thresholds applied for the relative speed thresholds (i.e., 55 and 70) are

explained by the fact that they correspond to the recommended fixed thresholds [5] for a maxi-

mum speed of 36 km/h. In the present analysis, the individual maximum speed was defined as

the respective highest speed measured by GNSS [33], provided it followed a proper accelera-

tion phase, the absence of which reveals clear measurement errors. In case a new maximum

speed was measured, the new value replaced the previous one.

Internal load

The athletes were asked to complete a questionnaire after the end of each session (i.e., match

or training), reporting a single global rating of their perceived exertion for the entire session

(sRPE) [34] on a CR10-point scale, adapted by Foster et al. (2001) [34]. The questionnaire was

to be filled in on the personal smartphone, ideally 30 minutes after a session. The players were

instructed to provide the data honestly and individually. They were also told that no negative

consequences could arise for them in connection with their answers. By multiplying declared

sRPE by the respective session duration [min], originating from GNSS data, session rate of

perceived exertion training load (sRPE-TL), presented in arbitrary units, was calculated to

quantify internal load [5, 35, 36].

Short Recovery and Stress Scale (SRSS)

The SRSS was used to assess multiple facets of recovery and stress states of an athlete. It proved

to be a validated standardized psychometric tool among adults and adolescents [16, 17]. The

SRSS is a derivation of the Acute Recovery and Stress Scale (ARSS) and as such contains eight

items to be rated on a Likert-type scale ranging from 0 (“does not apply at all”) to 6 (“fully

applies”) [16–18]. Each item is described by four adjectives, thus providing examples of each

construct. Namely, the short recovery scale includes the constructs: physical performance,

mental performance, emotional balance, and overall recovery; the short stress scale covers the

constructs muscular strain, lack of activation, negative emotional state, and overall stress. The

athletes were asked to fill in a questionnaire on their personal smartphones, ideally as a routine

every morning after getting up, but at the latest one hour before the start of a session. They

were familiarized with the questionnaire as well as told that their answers could not have any

negative consequences for them. In this regard, they were explicitly instructed to provide their

answers honestly and individually. It is worth noting that some players refused to answer the

questionnaire for reasons unrelated to the study and beyond the researchers’ control, resulting

in a data set of n = 968 available for analysis.

Statistical analyses

All data were analyzed with the open-source software RStudio (R version 4.2.0 (2022-04-22

ucrt), R Core Team 2021, Wien, Austria [37]). Descriptive statistics were used to describe and

characterize the sample. Thereby mean (SD) and range was reported.

A descriptive method was used to analyze the EL and IL measured in z-score values with

regard to the number of days before or after the match. In doing so, a z-standardization was

calculated for each external and internal load measure from the data basis, defined as described

in detail above. This z-score calculation was performed grouped by athlete. After z-standardi-

zation, a mean value for the EL (EL mean) was calculated from the z-standardized EL variables

(i.e., one EL value per athlete and session). A descriptive method was also used to gain further
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insight into the extent to which fatigue (resp. fitness) means fatigue (resp. fitness). As reporting

habits differ between athletes (e.g., range of values; definition of the individual “normal” or

“optimum” [18, 38]), this last part of the analysis was mainly carried out at an individual level.

Spearman rank correlations were employed to examine the relationship between the EL

measures used and the IL measure sRPE-TL as well as between the EL measures used and

sRPE (assumptions for Pearson product-moment correlation tests were judged not to be ful-

filled). Spearman rank correlations were also calculated between the EL measures to assess

whether there may be a weighting of any aspect in the calculated EL mean. In all three cases,

alpha error accumulation was counteracted with a Bonferroni correction. In addition, a 95%

confidence interval was calculated for the correlation coefficient rho (ρ). Furthermore, the cor-

relation coefficient ρ was squared to get the determination coefficient R2. To be able to directly

relate the results of the correlation tests to the analysis with the z-scores, the correlations are

based on the same data basis (e.g., data summarized per day and athlete; athletes with< 20 ses-

sions excluded). The magnitude of correlation coefficients was considered trivial (ρ< 0.1),

small (0.1 < ρ< 0.3), moderate (0.3< ρ< 0.5), large (0.5< ρ< 0.7), very large (0.7< ρ<
0.9), extremely large (0.9< ρ< 1.0) and perfect (ρ = 1.0) [13, 36, 39]. The level of statistical sig-

nificance was set to p< 0.05 for all tests.

Results

A total of 1104 sessions with concurrent external and internal load data were identified for the

sample and included in the analysis. The distribution of these sessions regarding their classifi-

cation within a microcycle was: md-5 = 40, md-4 = 117, md-3 = 139, md-2 = 189, md-1 = 288,

md = 174, and md+1 = 100. The mean number of sessions of an athlete was = 47.1 (SD = 10.4,

range = 25 to 63). At the start of the data collection, the 25 professional soccer players partici-

pating in this study were on average 1.816 m in height (SD = 0.061 m, range = 1.66 to 1.95 m),

and had an average body weight of 76.83 kg (SD = 7.32 kg, range = 64.0 to 89.4 kg). Their

mean age was = 25.36 years (SD = 4.50 years, range = 18.5 to 36.5 years), and an average indi-

vidual maximal speed of = 33.560 km/h (SD = 1.110 km/h, range = 31.93 to 36.32 km/h) was

recorded. The distribution of the players by their field position was as follows: 4 central

defenders, 4 full-backs, 11 midfielders, and 6 forwards.

Fig 2 shows the application of the integrative approach presented by Fernández et al. (2021)

[13], on team level, in professional soccer. Individual athlete’s data presented by Fig 3 indicate

the general pattern of session placement observed in Fig 2 varies depending on a player’s

match time. Identical data (athletes and session loads) are extended by athlete’s answers on the

SRSS item physical performance (considered to be nearest item to the “state” of a player on a

fitness-fatigue continuum) in Fig 4.

Table 1 presents the Spearman rank correlations between the selected EL measures and the

IL measure sRPE-TL, while Table 2 presents the Spearman rank correlations between the

selected EL measures and sRPE. There was an almost certainly large to almost certainly very

large positive and thus stronger correlation with sRPE-TL (ρ = .55 to .87; all p< .001) than

with sRPE (ρ = .45 to .71; all p< .001) for all EL measures, except for the distance > 70% of

individual maximum speed, where the correlation with sRPE-TL (ρ = .55, p< .001) and sRPE

(ρ = .56, p< .001) were nearly equal.

Fig 5 displays the Spearman rank correlations between the selected EL measures.

Discussion

Figs 2 and 3 show the application of the integrative approach presented by Fernández et al. (2021)

[13] in professional soccer, i.e., the external and internal load measures are merged into an
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integrated system using z-scores, leading to a monitoring tool placing the players in a fitness-fatigue

continuum throughout the different microcycle sessions without using tests. Here, we consider

important to emphasize, that the placement of a session of a player in a fitness-fatigue continuum

always shows the load of a specific session in dependence of all player-specific experienced session

loads and thus is based on the underlying player-specific data. Hence, when working with this

approach, the mistake should not be made to assume equal EL and IL z-score values between ath-

letes correspond to the same absolute values of EL and IL experienced by the athletes.

Session placement

On days in a microcycle further ahead of an upcoming match (md-5, md-4), players were

placed in a “high EL and high IL” zone with only a few exceptions as shown in Fig 2. I.e., the

Fig 2. Distribution of the mean of the EL measures z-scores and the IL sRPE-TL z-scores of each athlete. The darker colored data points in the foreground

show sessions classified regarding a microcycle as stated in the title of the respective facet, while the ghostly light pinkish data points in the background

represent all sessions. As additional information, for matches it is indicated whether an athlete has played at least 90 minutes.

https://doi.org/10.1371/journal.pone.0286372.g002
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EL the players were exposed to was high in most cases and they experienced correspondingly

high IL. The observed exposure to more intense stimuli at a greater distance from a match is in

accordance with previous research [10, 21, 40, 41]. Similar to md-5 and md-4, players on md-2

and md-1 showed an expected reaction (low IL) to the load experienced (low EL) in most

cases. While the distribution of the sessions was at its lowest on these two days, directly preced-

ing a match; md, md-3 and md+1 showed the largest dispersion as well as the range of EL

experienced by the players was the greatest. In addition, md, md-3 and md+1 sessions were

more often related to a fatigued state of the players, or else the players performed them more

frequently in a state indicating fitness. An increased association with fatigue on md-3 and md

+1 seems reasonable considering players were often exposed to higher loads the day before.

The lowest external and internal loads measured in z-score values in the population analyzed

on md-2 and md-1 for the whole team as well as on md+1 for the players with a lot of playing

time suggest an intended recovery focus. The load reduction observed at the whole team level

on the two days preceding a match is in line with what is known for soccer [10, 21, 40, 41] and

may very roughly be located in the context of tapering, i.e., aiming for the best possible

Fig 3. Distribution of the mean of the EL measures z-scores and the IL sRPE-TL z-scores of the one athlete of interest in each case. Session type shows the

classification of the respective session in a microcycle. Athletes A, B: regular players; athletes C, D: players with regularly match activities; athletes E, F: players

with only a few minutes of action in matches.

https://doi.org/10.1371/journal.pone.0286372.g003
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performance readiness [2, 42, 43]. Matches in which the players played for 90 minutes were

among the highest load levels experienced in a microcycle by the respective players, an obser-

vation in line with the existing literature [21, 44]. In our analysis, no match session was associ-

ated with fatigue. This observation, as well as matches in which players did not play over the

full duration increasingly associated with a state indicating fitness, may be explained by players

reaching best possible readiness on matchday (meaning the coaches plans worked out), as well

as contextual stimulating factors leading to comparatively lower perceived effort [35]. The

placement of the md+1 sessions is also reported from other soccer populations [10, 45] and

correspond to the loading design intended by the coaching staff of the present observation

(personal communication), i.e., loading players depending on their playing time on the day

before. Players with more playing time should be allowed to recover as quickly and optimally

as possible, while those with less playing time should be exposed to a certain amount of load.

Fig 4. Distribution of the mean of the EL measures z-scores and the IL sRPE-TL z-scores of the one athlete of interest in each case with data points

colored depending on an athlete’s SRSS item physical performance. 0 indicates an athlete judged the adjectives “powerful, able to perform, full of energy, full

of power” as “does not apply at all”, whereby 6 indicates he rated them as “fully applies”. As additional information, the shape of the data points indicates

whether the session was classified as matchday or not. NA: no SRSS data available. Athletes A, B: regular players; athletes C, D: players with regularly match

activities; athletes E, F: players with only a few minutes of action in matches.

https://doi.org/10.1371/journal.pone.0286372.g004
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The breakdown of Fig 2 at an individual level (i.e., Fig 3) shows how the placement of ses-

sions, classified in dependence of their temporal distance to a match, is related to the nature of

match activities of a respective player. While regular players show a pattern which is roughly

shown in Fig 2 and was presented in the same way by Fernández et al. (2021) [13], other days

in the microcycle are increasingly associated with higher load for an athlete as match playing

time decreases. This observation, along with Fig 4, showing reporting habits differing between

athletes (e.g., range of values; definition of the individual “normal” or “optimum” [18, 38]),

clearly highlights the importance of individual load management even within team structures

as well as the importance of interpreting such data at individual rather than team level.

Under the aspects discussed so far, the classification of the sessions on the fitness-fatigue

continuum seems reasonable. The extension of the integral approach by the SRSS data (Fig 4)

does not contradict this in any way. It is important to note that, as mentioned above, players

with more playing time in a match were exposed to a lower EL up to were absent in pitch-ses-

sions on the subsequent md+1 in the present observation, explaining “missing” sessions with

assumed low SRSS physical performance values in Fig 4. Furthermore, the lower physical per-

formance capacity reported by the players being associated with training sessions in which the

players were exposed to low EL (especially athlete B, C and D in Fig 4) appears plausible both

in view of the load distribution over a microcycle as well as considering higher loads may

induce fatigue on the subsequent day and is then recognizable in the players’ SRSS responses.

However, considering i) the few data points related to ii) tendential fatigued respective fit states

of players in the present soccer observation, further research is required to gain deeper insights

Table 1. Spearman rank correlation with Bonferroni correction between IL session rate of perceived exertion

training load (sRPE-TL) and selected external load (EL) measures.

EL measure ρ [95% CI] p n R2

Accelerations > 4 m/s2 .59 [.54 to .62] < .001* 1104 .34

Decelerations > 4 m/s2 .70 [.67 to .73] < .001* 1104 .49

Distance> 55% of individual maximal speed .69 [.66 to .72] < .001* 1104 .48

Distance> 70% of individual maximal speed .55 [.51 to .59] < .001* 1104 .30

Total distance .87 [.85 to .88] < .001* 1104 .75

Total loading .84 [.83 to .86] < .001* 1104 .71

Presented are correlation coefficient ρ with 95% confidence interval, p value, sample size n as well as determination

coefficient R2. Level of significance

* p< 0.05.

https://doi.org/10.1371/journal.pone.0286372.t001

Table 2. Spearman rank correlation with Bonferroni correction between session rate of perceived exertion (sRPE)

and selected external load (EL) measures.

EL measure ρ [95% CI] p n R2

Accelerations > 4 m/s2 .45 [.40 to .50] < .001* 1104 .21

Decelerations > 4 m/s2 .66 [.62 to .69] < .001* 1104 .43

Distance> 55% of individual maximal speed .66 [.62 to .69] < .001* 1104 .43

Distance> 70% of individual maximal speed .56 [.52 to .60] < .001* 1104 .31

Total distance .72 [.69 to .75] < .001* 1104 .52

Total loading .70 [.67 to .73] < .001* 1104 .49

Presented are correlation coefficient ρ with 95% confidence interval, p value, sample size n as well as determination

coefficient R2. Level of significance

* p< 0.05.

https://doi.org/10.1371/journal.pone.0286372.t002
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into the sensitivity of this integral approach. Possibly, also analysis performed over other time

periods (e.g., including preparation or off-season training programs [46, 47]) may yield further

insights regarding the sensitivity of this integral approach. Such studies may further indicate

whether, given chronic adaptations in physical fitness, it is required to exclude certain older

data from the z-score calculations (to continue) to detect shorter-term “states” of players in a

fitness-fatigue continuum. Thereby also further fitness and fatigue associated measures and

tests (e.g., creatine kinase, lactate concentration, tests to assess cardiorespiratory fitness, jump

protocols [5, 7, 46]) may reveal deeper insights. Despite this lack of certainty and thus

Fig 5. Spearman rank correlation with Bonferroni correction between the selected external load measures. Presented are the correlation

coefficient ρ with 95% confidence interval. Level of significance: * p< 0.05. Sample size n = 1127 for all comparisons. ACC = number of

accelerations> 4 m/s2; DEC = number of decelerations> 4 m/s2; HSR (high speed running) = distance above 55% of individual maximal speed [m];

SD (sprint distance) = distance above 70% of individual maximal speed [m]; TD = total distance [m]; TL = total loading [arbitrary units].

https://doi.org/10.1371/journal.pone.0286372.g005
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concluding up to this point: the integrative approach applied seems to provide practitioners in

professional soccer with relevant information to individually tailor training programs.

Assessed measures

The observed correlations ranged from almost certainly large to almost certainly very large

positive and thus were stronger with sRPE-TL than with sRPE (almost certainly moderate to

very likely very large positive) for all EL measures, except for the distance > 70% of individual

maximum speed, implying sRPE-TL better reflects the EL experienced by players than sRPE.

This supports the definition and thus the use of sRPE-TL—and explicitly not sRPE—as an

internal load measure [5, 10, 36]. Furthermore, and as reported in the same way from rink-

hockey by Fernández et al. (2021) [13], the observed correlations suggest not only EL variables

to affect IL response, but also other factors (individual characteristics, sociological factors, psy-

chological status, health, nutrition, environment, etc. [4, 35]). Accelerations excluded, the low-

est correlation observed between two selected EL measures was almost certainly large,

indicating all of these EL measures represent parts of the complexity of soccer. The neverthe-

less varying degree of association between EL measures indicates they provide complementary

information. Taken together, these findings clearly underline the need to assess i) a set of ii)

both EL and IL measures.

The almost certainly extremely large positive correlation between total distance and total

loading implies the total distance received a higher weighting in the calculated EL mean of the

integrative approach analyzed. This might be judged appropriate considering total distance, in

line with the literature [36], showing the strongest association with the IL sRPE-TL. In the

present analysis, we employed threshold-based counts for accelerations, as it is common in

various studies and recommended in the literature [5, 48, 49]. However, Sonderegger et al.

(2016) [50] showed that if the running speed immediately prior to an acceleration being initi-

ated and the maximal acceleration capacity associated with it are not considered, a number of

high-intensity accelerations could be missed. I.e., arbitrarily set thresholds lead to accelerations

from low speeds being overestimated and accelerations from high speeds being underesti-

mated. We assume this to be the reason for the comparatively low relationship observed of

accelerations with sRPE, with sRPE-TL as well as with the other EL measures and thus recom-

mend (to test) the definition of accelerations according to Sonderegger et al. (2016) [50] in fur-

ther studies.

Moreover, further research should evaluate possible optimization of this integrative

approach by assessing other (combinations of) EL and IL measures included. Also, as applied

for EL, the calculation of an IL mean may be worth investigating. Especially, if athletes are not

ideally familiarized and trained in the appropriate method for providing sRPE, an integration

of other (more objective) IL measures suggest making this integrative approach more robust–

by being less affected trough not at least e.g., athletes showing social desirability or athletes try-

ing to falsely influence subsequent training sessions [2, 35]. Unfortunately, and contrary to ini-

tial intention, it was not possible to record heart rate values in matches, making it impossible

to include heartrate-based IL measures (e.g., Edwards trainings load) into this present analysis.

It was beyond the scope of this study to derive training (i.e., the exposure to EL and the experi-

ence of IL) recommendations; thus, sport scientists and practitioners are encouraged to inves-

tigate the interactions of training interventions and the placement of sessions.

Conclusion / practical application

The present data underline the importance of load management in professional soccer taking

place at an individual level, even within team structures, thereby analyzing a set of both
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external and internal load measures. Based on our findings, we conclude the integrative

approach analyzed in this work provides valuable information for this purpose. However, for

even stronger relevance of the tool, further research is required particularly to ascertain its sen-

sitivity and determine an optimal selection of included external and internal load measures.

Furthermore, sRPE-TL better reflecting the external load experienced by players than sRPE

supports the definition and thus the use of sRPE-TL–and explicitly not sRPE–as a measure of

internal load.
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21. Oliva-Lozano JM, Gómez-Carmona CD, Fortes V, Pino-Ortega J. Effect of training day, match, and

length of the microcycle on workload periodization in professional soccer players: a full-season study.

Biol Sport. 2022 Mar; 39(2):397–406. https://doi.org/10.5114/biolsport.2022.106148 PMID: 35309541

22. Chmura P, Liu H, Andrzejewski M, Chmura J, Kowalczuk E, Rokita A, et al. Is there meaningful influ-

ence from situational and environmental factors on the physical and technical activity of elite football

players? Evidence from the data of 5 consecutive seasons of the German Bundesliga. PLoS One. 2021

Mar; 16(3):e0247771. https://doi.org/10.1371/journal.pone.0247771 PMID: 33690609

23. Oliveira R, Brito JP, Loureiro N, Padinha V, Nobari H, Mendes B. Will next match location influence

external and internal training load of a top-class elite professional European soccer team? Int J Environ

Res Public Health. 2021 May; 18(10):5229. https://doi.org/10.3390/ijerph18105229 PMID: 34069032

24. Oliva Lozano JM, Rago V, Fortes V, Muyor JM. Impact of match-related contextual variables on weekly

training load in a professional soccer team: a full season study. Biol Sport. 2022 Jan; 39(1):125–134.

https://doi.org/10.5114/biolsport.2021.102927 PMID: 35173371

25. White A, Hills SP, Cooke CB, Batten T, Kilduff LP, Cook CJ, et al. (2018). Match-play and performance

test responses of soccer goalkeepers: a review of current literature. Sports Med. 2018 Nov; 48

(11):2497–2516. https://doi.org/10.1007/s40279-018-0977-2 PMID: 30144021

26. Winter EM, Maughan RJ. Requirements for ethics approvals. J Sports Sci. 2009 Aug; 27(10):985.

https://doi.org/10.1080/02640410903178344 PMID: 19847681

PLOS ONE Integrative load monitoring approach in microcycles in professional soccer

PLOS ONE | https://doi.org/10.1371/journal.pone.0286372 September 1, 2023 15 / 17

https://doi.org/10.5114/biolsport.2022.107021
http://www.ncbi.nlm.nih.gov/pubmed/35959321
https://doi.org/10.1123/ijspp.2016-0388
http://www.ncbi.nlm.nih.gov/pubmed/28253038
https://doi.org/10.3390/ijerph18083906
http://www.ncbi.nlm.nih.gov/pubmed/33917802
https://doi.org/10.1186/s40798-022-00408-z
http://www.ncbi.nlm.nih.gov/pubmed/35076796
https://doi.org/10.3389/fphys.2021.698463
http://www.ncbi.nlm.nih.gov/pubmed/34267678
https://doi.org/10.1186/s40798-019-0219-7
https://doi.org/10.1186/s40798-019-0219-7
http://www.ncbi.nlm.nih.gov/pubmed/31820260
https://doi.org/10.1007/s40279-017-0798-8
http://www.ncbi.nlm.nih.gov/pubmed/29098658
https://doi.org/10.3389/fphys.2019.01414
http://www.ncbi.nlm.nih.gov/pubmed/31824332
https://doi.org/10.1055/a-1171-1865
https://doi.org/10.1055/a-1171-1865
http://www.ncbi.nlm.nih.gov/pubmed/32455455
https://doi.org/10.1080/02640414.2015.1106574
http://www.ncbi.nlm.nih.gov/pubmed/26536538
https://doi.org/10.5114/biolsport.2022.106148
http://www.ncbi.nlm.nih.gov/pubmed/35309541
https://doi.org/10.1371/journal.pone.0247771
http://www.ncbi.nlm.nih.gov/pubmed/33690609
https://doi.org/10.3390/ijerph18105229
http://www.ncbi.nlm.nih.gov/pubmed/34069032
https://doi.org/10.5114/biolsport.2021.102927
http://www.ncbi.nlm.nih.gov/pubmed/35173371
https://doi.org/10.1007/s40279-018-0977-2
http://www.ncbi.nlm.nih.gov/pubmed/30144021
https://doi.org/10.1080/02640410903178344
http://www.ncbi.nlm.nih.gov/pubmed/19847681
https://doi.org/10.1371/journal.pone.0286372


27. Beato M, Coratella G, Stiff A, Iacono AD. The validity and between-unit variability of GNSS units (STAT-

Sports Apex 10 Hz and 18 Hz) for measuring distance and peak speed in team sports. Front Physiol.

2018 Sep; 9:1288. https://doi.org/10.3389/fphys.2018.01288 PMID: 30298015

28. Beato M, de Keijzer KL. The inter-unit and inter-model reliability of GNSS STATSports Apex and Viper

units in measuring peak speed over 5, 10, 15, 20 and 30 meters. Biol Sport. 2019 Dec;36(4):317–321.

https://doi.org/10.5114/biolsport.2019.88754 PMID: 31938002

29. Crang ZL, Duthie G, Cole MH, Weakley J, Hewitt A, Johnston RD. The inter-device reliability of global

navigation satellite systems during team sport movement across multiple days. J Sci Med Sport. 2022

Apr; 25(4):340–344. https://doi.org/10.1016/j.jsams.2021.11.044 PMID: 34893434

30. Reynolds J, Connor M, Jamil M, Beato M. Quantifying and comparing the match demands of U18, U23

and 1st team English professional soccer players. Front Physiol. 2021 Jul; 12:706451. https://doi.org/

10.3389/fphys.2021.706451 PMID: 34276425

31. Rago V, Brito J, Figueiredo P, Krustrup P, Rebelo A. Relationship between external load and perceptual

responses to training in professional football: effects of quantification method. Sports (Basel). 2019

Mar; 7(3):68. https://doi.org/10.3390/sports7030068 PMID: 30884900

32. Rago V, Brito J, Figueiredo P, Krustrup P, Rebelo A. Application of individualized speed zones to quan-

tify external training load in professional soccer. J Hum Kinet. 2020 Mar; 72:279–289. https://doi.org/10.

2478/hukin-2019-0113 PMID: 32269668

33. Massard T, Eggers T, Lovell R. Peak speed determination in football: Is sprint testing necessary? Sci-

ence & Medicine in Football. 2017; 2(2), 123–126. https://doi.org/10.1080/24733938.2017.1398409.

34. Foster C, Florhaug JA, Franklin J, Gottschall L, Hrovatin LA, Parker S, et al. A new approach to monitor-

ing exercise training. J Strength Cond Res. 2001 Feb; 15(1):109–115. PMID: 11708692

35. Haddad M, Stylianides G, Djaoui L, Dellal A, Chamari K. Session-RPE method for training load monitor-

ing: Validity, ecological usefulness, and influencing factors Front Neurosci. 2017 Nov; 11:612. https://

doi.org/10.3389/fnins.2017.00612 PMID: 29163016

36. McLaren SJ, Macpherson TW, Coutts AJ, Hurst C, Spears IR, Weston M. The relationships between

internal and external measures of training load and intensity in team sports: A meta-analysis. Sports

Med. 2018 Mar; 48(3):641–658. https://doi.org/10.1007/s40279-017-0830-z PMID: 29288436

37. R Core Team. R: a language and environment for statistical computing [Internet]. Vienna, Austria;

2022. Available from: https://www.R-project.org/

38. Saw AE, Kellmann M, Main LC, Gastin PB. Athlete self-report measures in research and practice: con-

siderations for the discerning reader and fastidious practitioner. Int J Sports Physiol Perform. 2017 Apr;

12(2):2127–2135. https://doi.org/10.1123/ijspp.2016-0395 PMID: 27834546

39. Hopkins WG, Marshall SW, Batterham AM, Hanin J. Progressive statistics for studies in sports medicine

and exercise science. Med Sci Sports Exerc. 2009 Jan; 41(1):3–13. https://doi.org/10.1249/MSS.

0b013e31818cb278 PMID: 19092709

40. Oliveira R, Brito JP, Moreno-Villanueva A, Nalha M, Rico-González M, Clemente FM. Reference values
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