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Training and match load ratios in
professional soccer–should we
use player- or position-specific
match reference values?
Linda Ammann1* and Stefan Altmann2,3*
1Integrative and Experimental Exercise Science, Department of Sport Science, University of Würzburg,
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Careful load management is needed to optimize the physical capacity, a key
performance component, of soccer players. The training load of soccer players
is often expressed as a percentage of match load. However, no study has yet
evaluated how training match load ratios are affected by using either a player-
specific or position-specific reference for match load. Therefore, this study
aimed to compare training match load ratios of professional soccer players per
day of a microcycle with match load being player-specific and position-specific,
respectively. Additionally, the load that players typically experience per day of a
microcycle and its variation should be analyzed. Therefore, a retrospective
observational cohort study was conducted over a 14-month period, analyzing 11
external load measures during sessions of 20 players belonging to a team
competing in the highest Swiss league. Within a microcycle, typical full matches
presented a unique load for players, and they experienced higher training loads
on days with a greater temporal distance to a match. Load variation proved to
be highly associated with the day in a microcycle and the load measure.
Substantial differences in typical load were evident in (i) trainings between
players, (ii) matches both between players and positions, and (iii) training match
load ratios when using player-specific or position-specific match references.
The importance of individual load management in professional soccer was
reaffirmed. When consulting training match load ratios for that purpose, one
should be aware of the aim, select appropriate reference values depending on it,
and interpret the ratios accurately to finally draw adequate conclusions.
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Introduction

The performance of soccer players depends on different components, among which,

physical, technical, and tactical performance, as well as psychological factors, are the most

important (1–4). Therefore, soccer players should aim to optimize their physical

capabilities in both the short and long term. Training and competition load can be

defined as an input variable that is usually tried to be manipulated when intending to

elicit certain training induced adaptations (as this term including competitions) (5).

Knowing what soccer players physically need to be prepared for requires a solid

understanding of the sport-specific demands (6–9). Measures of load, both in training

and matches, can be categorized as either external or internal, depending on whether they

refer to measurable aspects occurring externally or internally to the athlete (10–12).
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External loads are objective measures of the work performed by an

athlete. In contrast, internal loads refer to the relative biological

(both physiological and psychological) stressors imposed on the

athlete (10, 11). Nowadays, there are a number of methods for

measuring training and match loads (10, 12–14).

In order to optimally develop the physical capabilities of soccer

players, training stimuli need to be applied individually even within

a team environment (10, 13–16). To individually tailor training

programs, maximizing positive physiological adaptation and

simultaneously preventing injury and illness, careful load

monitoring is required (10–13, 17). Within load monitoring,

employing an integrated load monitoring approach (i.e., rigorous

and consistent, combining both external and internal loads)

seems crucial (10–13, 15).

The training load of soccer players in a session or, if multiple

sessions are undertaken per day, in a day of a microcycle (i.e.,

periods of training lasting from the first to the last day focused

on a match, and whose length may vary depending on the

competitive calendar) can be expressed in relation to match load

(18–20). To the best of the authors’ knowledge, this is done in

the field more often than one might expect based on the

available body of literature. Comparable limited scientific

investigations may be mainly since training and match load are

still often measured with different tracking systems, not allowing

for direct comparisons in scientific research (12). It is evident

that match load varies according to playing position (2, 7–9, 21,

22); however, limited data exist presenting the in-season training

loads of professional soccer players per day of a microcycle and

relative to match load across positions (18) or allowing (23) such

ratios to be built across positions (e.g., missing or incomplete

data, microcycle accumulated load, averaged load). Recently, data

from Altmann et al. (21) showed that physical match

performance does not only depend on the playing position but

also, to a considerable extent, on the individual player,

irrespective of playing position. Thus, the question arises of

whether position-specific or player-specific reference values

should be used when building training match load ratios. To the

best of our knowledge, no study has yet been conducted to

address this question.

Furthermore, loading patterns observed in one team are of

limited generalizability, as match demands vary depending on

tactical formation or contextual factors (e.g., match location,

environmental conditions, match importance, preparation, fixture

congestion, season phase, match outcome, nutrition strategies,

and game rules) (2–4, 7–9, 21, 24–27), and training practices

may differ depending on coaches’ training philosophies or

situational conditions (18, 19, 23). Thus, findings from further

populations may contribute to a more complex understanding of

current practices.

Therefore, in the pursuit of sound practices, the primary aim of

this study is to determine and compare the training-match load

ratios of professional soccer players belonging to a team

competing in the highest Swiss league (Credit Suisse Super

League®) per day of a microcycle, with match load being player-

specific and position-specific, respectively. To get a more

complete picture, first, the load that players experience per day of
Frontiers in Sports and Active Living 02
a microcycle should be analyzed in absolute numbers. In doing

so, it should be quantified and its variation assessed.
Materials and methods

Participants

49 from a total of N = 53 elite male professional soccer field

players participating in training and/or match sessions for the

first team of a Swiss club were asked to take part in this study.

All of them gave written informed consent voluntarily.

Goalkeepers were excluded due to their different activity profile

compared to field positions (28), and four field players were not

asked to participate since they left the club before the

researchers had the opportunity to invite the eligible players.

All players were screened for health contraindications by the

internal club sports medicine staff as part of their normal care

of the team. As all data used in the current study arose from

routine monitoring, no ethical approval was required (29).

Players with <5 in-season sessions were excluded from analysis

(n = 11), as they were not part of the team for at least one in-

season microcycle. To be able to compare player-specific and

position-specific data, from the remaining players, those who

did not have a minimum of three individual match observations

fulfilling the criteria outlined below were also excluded (n = 18).

A lower limit of three matches was set to reduce the effects of

possible match-to-match variation in the external load (2–4, 7,

21, 24–27). Thus, the sample size considered for the analysis

was n = 20.
Study design and research methods

A retrospective observational cohort study was implemented

over the course of 14 months, starting during the first half of the

2021/22 season and lasting until the end of the first half of the

2022/23 season. In this phase, the team under observation

competed in the highest-level national championship (Credit

Suisse Super League®) as well as the national cup competition

(Helvetia Schweizer Cup) in Switzerland. In addition to 48

championship matches and 6 cup matches, there were 14 test

matches.

The data analyzed were derived from daily routine

monitoring of the players. Data from rehabilitation, strength, or

additional off-court recreational training sessions were excluded.

The same applies to on-field sessions which a player completed

outside the team mentioned (e.g., U21 team). Training sessions

included all the activities on the pitch (i.e., warm-up, main part,

and, if performed, cool-down and/or additional individual

drills). For matches, only the match playing time was

considered (i.e., all activities before kick-off, during half-time,

and after the end of the match were excluded). All training

sessions, as defined above, that a player performed within the

period of interest were included in the analysis. This means, for

example, regardless of whether a player was fielded at all or for
frontiersin.org
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TABLE 1 Definitions and units of the external load measures included in
the analysis.

External load
measure

Unit Definition

Accelerations [n] Acceleration efforts performed between 4 and
10 m/s2 with a minimum duration of 0.5 s

Decelerations [n] Deceleration efforts performed between 4 and
10 m/s2 with a minimum duration of 0.5 s

Dynamic stress load [a.u.] The total of the weighted impacts, which is based
on accelerometer values of magnitude above 2 g.
This measure weights the impacts using a convex-
shaped function. The aggregated weighted impacts
are scaled to provide more workable values.

High metabolic load
distance

[m] The distance [m] covered by a player performing
any activity with a metabolic power (energy
consumption per kilogram per second) of
≥25.5 W/kg for at least 1 s.

High-speed distance

Absolute [m] Distance ≥19.8 km/h (5.5 m/s).
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how long in the previous or next match, (30), the microcycle

structure (31, 32) or situational and environmental conditions

(19, 24, 33). Match data were only considered if a player was

fielded for the whole time and, for the position-specific match

reference values, data of a player and match were considered

only if he played the entire match in the same position.

Furthermore, only championship and cup matches, in which

the match format was two halves of 45 min, separated by a 15-

minute break, were included (i.e., matches with overtime and

penalty shoot-outs were excluded). If data on a player in one of

these included match observations were incomplete (due to

technical or practical problems with the devices used to

measure load), the observation was excluded (n = 2). 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.

All training sessions were classified according to the number of

days before or after a match day [i.e., match day (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 the upcoming match and took place

2 days before match day. In training sessions classified as match

day plus one (md+1), the players with little playing time

(situationally defined by the coaching staff) in the preceding

match trained on the pitch, while the players with more playing

time followed an individual regeneration program off the pitch.

The “general” label was assigned if a training session was not

focused on a match (e.g., first part of the international break or

pre-season). If multiple sessions were scheduled on one day, the

external load was summarized for each player (later referred to

as session day).

Five different playing positions were categorized (central

defender, full back, central midfielder, wide midfielder, forward)

(7, 22, 24). The positions in matches were defined by LA; if a

player’s position was judged to be unclear, the position was

defined as the one he was required to take according to members

of the coaching staff (personal communication). It is worth

noting that when playing in a 4-4-2 diamond tactical formation,

we deemed it appropriate to define all four midfielders as central

midfielders given the coaching staff’s intended positional

interpretation of the players (personal communication). A

player’s position for a microcycle was defined as the position he

played at the start of his next match or, in the case that there

was no next match, the last one he played.

Relative [m] Distance ≥55% of individual maximal speed.

Sprint distance

Absolute [m] Distance ≥25.2 km/h (7 m/s).

Relative [m] Distance ≥70% of individual maximal speed.

Total distance [m] Total distance covered.

Total loading [a.u.] The total force 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,
sampled with 100 Hz. The total is scaled by 1,000
to provide more workable values.

Total time [min] Total session time.

a.u., arbitrary units.
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) with 10 Hz sampling.

The validity and reliability of the STATSports Apex 10 Hz

system were previously reported elsewhere (34–36). Apex 10 Hz

is a multi-GNSS augmented unit, capable of acquiring and

tracking multiple satellite systems (e.g., GPS, GLONASS,
Frontiers in Sports and Active Living 03
Galileo, BeiDou) concurrently to provide the best possible

position information. The Apex GNSS model reports

information about the number of satellites connected (M = 15.1,

SD = 1.8, range 10 to 22), which was lower than reported in

previous literature (6, 34, 35). 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 player, an

Apex unit was placed, according to the manufacturer’s

instructions, 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 download all data recorded by the GNSS and precisely

define the session of each player (i.e., in training: 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 used the same GNSS unit for each session,

inserted in a manufacturer-provided vest (10).

The 11 external load measures listed in Table 1 were selected

for analysis. The distance-related measures, accelerations, and

decelerations, all with their respective thresholds, were selected

because they have been used most frequently in practice and in

studies analyzing external load (especially in soccer), and the

literature suggests that they be considered (12, 14, 37, 38). The

latter also applies to total loading and total time. Despite certain

concerns, which should be taken into account with high
frontiersin.org
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TABLE 2 Distribution of the session days per player across the days of a microcycle for the two respective analysis approaches.

md-5 (n = 92) md-4 (n = 329) md-3 (n = 398) md-2 (n = 433) md-1 (n = 674) md md+1 (n = 150)

Player specific (n = 280)
Mean (SD) 4.6 (2.6) 16.4 (6.4) 19.9 (8.0) 21.7 (7.7) 33.7 (11.4) 14.0 (12.5) 7.9 (7.4)

Range 1 to 8 5 to 27 5 to 33 8 to 34 12 to 50 3 to 48 1 to 27

Position specific def cent: 88

def wide: 76

mid cent: 78

mid wide: 4

forward: 14

Mean (SD) 3.5 (2.5) 11.0 (7.9) 12.4 (10.0) 14.0 (10.3) 21.1 (15.8) 6.5 (6.6)

Range 1 to 8 1 to 27 1 to 33 1 to 34 2 to 50 1 to 27

Data presented as mean (SD), range, and total, except for position-specific match day (md) where total values are presented for each position. Def cent, central defender;

def wide, full back; mid cent, central midfielder; mid wide, wide midfielder.
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metabolic load (HML) distance [m] and dynamic stress load [e.g.

(39)], these two measures were also assessed as they might

contribute to a more complete picture to some extent and are

also regularly used (12, 18, 40, 41). 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
FIGURE 1

The old-moss-greenish dots indicate the mean of the respective load mea
corresponding old-moss-greenish error bars range from mean minus standa
of all players’ means per day in a microcycle, and the dark grey error bars ran
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fixed thresholds (12) for a maximum speed of 36 km/h. In the

present analysis, the individual maximum speed was defined as

the respective highest speed measured by GNSS (42), provided it

followed a proper acceleration phase, the absence of which

reveals clear measurement errors. In the case of a new maximum

speed being measured, the new value replaced the previous one.
sure in absolute numbers by player and day in a microcycle, and the
rd error to mean plus standard error. The dark grey dots show the mean
ge from mean minus standard error to mean plus standard error.
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Statistical analyses

All data were analyzed with the open-source software RStudio (R

version 4.2.2 (2022-10-31 ucrt), R Core Team (43), Wien, Austria).

Descriptive statistics were used to describe and characterize the

sample; thereby, the mean (SD) and range were reported. For all

analysis referring to days in a microcycle, only days with a focus

on a match were presented (i.e., no session days with the “general”

label). The mean and standard error were calculated for the load

analysis in absolute numbers for each load measure per player and

day in a microcycle. Coefficients of variations (standard deviation

divided by mean; expressed as a percentage) were calculated per

player and day in a microcycle to assess the load variation that

players experienced within a day in a microcycle.

For the ratio analysis, first, a match mean was calculated

(matches included as described above), by player in the player-

specific analysis and by position in the position-specific

analysis. These match reference values were then used to

calculate a training match ratio for each player’s session day as

follows: session day load multiplied by 100 and divided by

match reference load. From this, the ratio mean and standard
FIGURE 2

The old-moss-greenish dots indicate the mean of the respective load mea
corresponding old-moss-greenish error bars range from mean minus standa
of all players’ means per day in a microcycle, and the dark grey error bars ran
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error of each load measure were calculated per day in a

microcycle for each player in the player-specific analysis and for

each player-position combination in the position-specific

analysis. To assess the differences between these two ratios,

first, the player-position-specific ratio was subtracted from the

respective player-specific ratio for each player’s session day,

always applying the actual player position. From these

differences, a mean value was then calculated by player and day

in a microcycle.
Results

Taking the data from each participant’s last session in the data

set, the average height of the 20 professional soccer players was

=1.819 m (SD = 0.051 m, range = 1.73 to 1.95 m) and the average

body weight was = 76.88 kg (SD = 6.45 kg, range = 67.0 to 89.4 kg).

The mean age of the participants was = 26.29 years (SD = 4.43

years, range = 19.4 to 37.2 years) and an average individual

maximal speed of = 33.930 km/h (SD = 1.440 km/h, range = 31.60

to 37.40 km/h) was recorded.
sure in absolute numbers by player and day in a microcycle, and the
rd error to mean plus standard error. The dark grey dots show the mean
ge from mean minus standard error to mean plus standard error.
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Table 2 shows the distribution of the session days per player

across the days of a microcycle for the two respective analysis

approaches, player-specific and position-specific. Furthermore,

the total number of session days across the days of a microcycle

as well as the number of matches per position used to calculate

position-specific match reference values are presented. The

number of individual match observations per playing position

being determined by tactical formations chosen by the coaches

and the substitutions they made; our data indicate that

substitutions involved offensive positions more often than

defensive positions. Furthermore, tactical formations with wide

midfielders were rarely chosen and/or wide midfielders were

rarely fielded for an entire match.

Figures 1–3 show the load that players experienced per day of a

microcycle for each external load measure, assessed in absolute

numbers. As an overall pattern of the microcycles, the load was

observed to be reduced on md-2 and md-1 compared to the

other days and highest on match day for all load measures

except accelerations.
FIGURE 3

The old-moss-greenish dots indicate the mean of the respective load mea
corresponding old-moss-greenish error bars range from mean minus standa
of all players’ means per day in a microcycle, and the dark grey error bars ran
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While Figures 1–3 provide a rough indication of the load

variation by player and day in a microcycle, Figures 4–6 do

so more specifically by presenting the coefficient of variation

(CV) for each load measure assessed by player and day in a

microcycle. Independent of the day in a microcycle, the

measures with the lowest CV were total distance, total loading,

and total time. The CV increased over the measures dynamic

stress load, HML distance, accelerations and decelerations

followed by high-speed and sprint distance, being highest for

the latter.

The ratio mean and standard error of each load measure

assessed per day in a microcycle are presented in

Supplementary Figures S1–S3 for each player and in

Supplementary Figures S4–S6 for each player-position

combination. Note: since multiple positions are possible for a

player, more data points are given in Supplementary Figures

S4–S6 compared to Supplementary Figures S1–S3 and

Figures 1–3. Furthermore, since the error bars (standard

error) in Figures 1–3, Supplementary Figures S1–S3 and
sure in absolute numbers by player and day in a microcycle, and the
rd error to mean plus standard error. The dark grey dots show the mean
ge from mean minus standard error to mean plus standard error.
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FIGURE 4

The apricot-blushed-like filled data points show the coefficient of variation by player and day in a microcycle for the respective load measure. The
boxplots display the distribution of the players’ coefficients of variations per day in a microcycle, with the grey filled diamonds indicating outliers
(values further than 1.5 * inter-quartile range from the hinge).
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Supplementary Figures S4–S6 provide an indication of the

uncertainty of the mean, the few cases minimally reaching

into negative y-axis values should not be misinterpreted to

indicate negative load, which would not be possible from a

practical point of view. Figures 7–9 show the mean

differences between the respective player-specific ratio and

the respective player-position ratio per day in a microcycle

for each load measure assessed. Differences are evident in all

measures. Note: since multiple positions are possible for a

player, the mean difference of all observations of a day in a

microcycle does not necessarily have to be zero.
Discussion

The aim of this study was to quantify and compare the external

training and match load of professional soccer players belonging to a

team competing in the highest Swiss league (Credit Suisse Super
Frontiers in Sports and Active Living 07
League®) per day of a microcycle. Specifically, training and match load

was analyzed in absolute numbers as well as by expressing training

load as a percentage of match load, with the latter being player-specific

and position-specific, respectively. Furthermore, the load variation that

players typically experience per day in a microcycle was assessed.
Load distribution over a microcycle and
within days of a microcycle

The given larger number of registered player session days as the

match day approaches (Table 2) may be explained by several

reasons. In a standard one-match-per-week microcycle, md-5 was

often a day off. Furthermore, there were a few weeks with more

than one match per week scheduled, reducing the number of

training days in between. The number of observations on md+1

is smaller since there were multiple microcycles without md+1

sessions and, as mentioned above, if there were sessions on the
frontiersin.org
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FIGURE 5

The apricot-blushed-like filled data points show the coefficient of variation by player and day in a microcycle for the respective load measure. The
boxplots display the distribution of the players’ coefficients of variations per day in a microcycle, with the grey filled diamonds indicating outliers
(values further than 1.5 * inter-quartile range from the hinge).
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pitch on md+1, only players with little playing time in the

preceding match were present.

The present data support the existing literature showing

training in professional soccer being planned predominantly in

microcycles (18, 19, 44). The observed pattern of training load,

in general, being highest on md-5 and md-4, reduced on md-3

and md+1, and lowest on md-2 and md-1 was also similarly

reported in other populations, though there is no consensus on

the training day with the highest load (14, 18, 31, 32, 44, 45).

In the present observation, md+1 sessions were typically

intended to compensate for reduced match load (personal

communication). This has also been reported in other soccer

populations (18, 46). As there were multiple microcycles without

md+1, the question arises, and cannot be answered satisfactorily

with the analysis done here, as to whether, in such cases, coaches

ensured otherwise that players with a low match load

experienced their required training stimuli.

As expected, substantial differences in typical match load were

evident both between individual players (player-specific) and
Frontiers in Sports and Active Living 08
between the assessed player positions. Furthermore, training

session days revealed large inter-individual load differences. For

example, in matches, player-specific total distance ranged from

9642 m to 11,884 m, and player-specific absolute sprint distance

from 67 m to 380 m, and while one player never covered more

than 40 m of relative sprint distance on all microcycle training

days, another player typically covered up to 403 m on one day of

a microcycle. Taken together, and considering that players

usually have different strengths and weaknesses and, moreover,

do not respond uniformly to similar stimuli, these observations

underpin the importance of individualized load management

even within team sports.

The finding of the present observation of the CV for load to

be highly associated with the day in a microcycle and the load

measure is in accordance with the results of Martin-Garcia

et al. (18), who also add the playing position. In the

investigation mentioned, high-speed running and sprint

distance were the measures showing the most variability within

a microcycle. Likewise, Guerrero-Calderon et al. (23) analyzed
frontiersin.org
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FIGURE 6

The apricot-blushed-like filled data points show the coefficient of variation by player and day in a microcycle for the respective load measure. The
boxplots display the distribution of the players’ coefficients of variations per day in a microcycle, with the grey filled diamonds indicating outliers
(values further than 1.5 * inter-quartile range from the hinge).
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several running-based measures similar to those studied in this

observation in matches and found that the higher the running

speed, the higher the coefficients of variation. Total distance,

total loading, and total time in training being the measures with

the lowest CV could indicate that the coaches primarily paid

attention to total distance and time when trying to control

training load and had a certain fixed idea about them, i.e.,

target values which either did not vary or varied only slightly.

Interestingly, the other eight measures assessed (accelerations,

decelerations, dynamic stress load, HML distance, high speed,

and sprint distances) in the present observation seemed to tend

toward higher load variation on md-2 and md-1 compared to

the other days in a microcycle. This suggests another

assumption, which is that on these two days, the coaches

adjusted the training sessions more to actual situational aspects,

especially the expected challenges of the next match and the

corresponding (tactical) ideas, whereas on the other days, they

followed a more routine program.
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Training match load ratios

In line with existing literature (18, 20, 32), a typical full match

presented a unique load for players within a microcycle. Of the

measures assessed, the mean load plus respective standard

deviation was not equal to or greater than the average match

load for any player on any day in a microcycle for decelerations,

HML distance, absolute sprint distance, and total distance. On

the contrary, the number of accelerations performed on average

on a training day other than md-2 were similar to or higher than

their personal typical match load for several players. These

comparatively large numbers of accelerations in training sessions

may be attributed to exercises performed in relatively small areas

(18, 20, 47), which were included regularly in the team under

investigation (personal communication). Interestingly, a few

players covered a high-speed distance comparable to what they

or their reference position typically did in a match on md-5 and

md-4, while this was rarely observed on md+1.
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FIGURE 7

The data points listed in the figure legend show the mean observed difference between the respective player-specific ratio and the respective player-
position ratio by player and day in a microcycle for the respective load measure, specifying a player’s position. The dark grey dots indicate the mean
of all players’ mean differences per day in a microcycle, and the dark grey error bars range from mean minus standard error to mean plus standard
error. Def cent, central defender; def wide, full back; mid cent, central midfielder; and mid wide, wide midfielder.
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From a theoretical point of view, differences between player-

specific and position-specific ratios refer to the degree to which

player performance does not coincide with positional reference.

Player-specific and position-specific ratios differed the most for

accelerations, with some observed mean ratio differences being

up to approximately 100%. While for total distance and total

time, the mean observed ratio differences were in a range below

approximately 5% when player-specific and position-specific

references were applied, and for HML distance and total loading

in a range up to approximately 15%, clearer differences (up to

ca. 25% to 40%) were registered for decelerations, dynamic

stress load, high-speed distance, and sprint distance, especially on

md-5, md-4, md-3, and md+1. Note that, because of the

different units, the same percentage difference for two measures

does not imply an identical difference in load.

For illustration purposes, two examples, which we consider to

be well representative (e.g., no extreme cases, regular players),

from our data follow. There was one player whose player-
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specific absolute sprint distance match reference was 232

meters, and the corresponding position-specific match reference

was 163 meters. Assuming there was a training session in

which he covered 40 meters of absolute sprint distance, the

observed training match load ratios would be 17.24% and

24.54%, respectively. Put another way, to finish the session with

24.54% of his individual typical match load, he would have had

to sprint 17 meters more – which is almost half of what he did.

For another player, a player-specific match reference of 11,011

meters total distance was registered. If he had covered 5,500

meters in a training session, this would be 49.95% of his

individual match reference and 51.34% of the corresponding

position-specific match reference (10,713 meters), i.e.,

depending on which of the two match references presented is

applied, the training match load ratio observed is 1.39% higher

or lower. If the aforementioned player had finished the session

with 49.95% of the position-specific match reference, he would

have covered 149 meters less.
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FIGURE 8

The data points listed in the figure legend show the mean observed difference between the respective player-specific ratio and the respective player-
position ratio by player and day in a microcycle for the respective load measure, specifying a player’s position. The dark grey dots indicate the mean
of all players’ mean differences per day in a microcycle, and the dark grey error bars range from mean minus standard error to mean plus standard
error. Def cent, central defender; def wide, full back; mid cent, central midfielder; and mid wide, wide midfielder.
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The striking differences identified indicate that whenever

ratios are built, one should be aware of the aim and select

appropriate reference values depending on it. Only regarding

the included match data, there are many factors that should

be taken into account (e.g., minimum number of observations,

competition format, ball in play time). Both ratios of measures

with relatively large percentage deviations and ratios of

measures with relatively small percentage differences require

accurate interpretation to draw adequate conclusions for load

management.
Limitations, future direction

In general, caution must be taken when generalizing the

current findings, since data from only one team were analyzed. It

should also be noted that the conclusions are not based on
Frontiers in Sports and Active Living 11
inferential statistical results. However, and while it can be argued

pro or con in purely fundamental terms, the methodology

chosen was considered the most appropriate in the conception of

the study design.

Since it was only possible to collect internal load data

(e.g., sRPE training load, heart rate-based measures) from a

reduced number of sessions, the present work focuses on

external load. Nevertheless, we consider it important to

emphasize here, again, that an integrated load monitoring

approach should be followed. In the current analysis,

position-specific match reference values are based on the

players of the team under observation. While this might

reflect the playing philosophy of the coach, one could also

argue for the use of broader references (e.g., league), as it

could be that players of the team, although fielded for the

entire duration of the match, do not perform as required to

be competitive. Furthermore, we did not set a threshold of
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FIGURE 9

The data points listed in the figure legend show the mean observed difference between the respective player-specific ratio and the respective player-
position ratio by player and day in a microcycle for the respective load measure, specifying a player’s position. The dark grey dots indicate the mean
of all players’ mean differences per day in a microcycle, and the dark grey error bars range from mean minus standard error to mean plus standard
error. Def cent, central defender; def wide, full back; mid cent, central midfielder; and mid wide, wide midfielder.
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a minimal number of session days per day in a microcycle

required for a player (-position combination) to be included

in the analysis. While doing so might have reduced

susceptibility to outliers, it would have further reduced the

sample and thus potentially skewed the overall impression

of the team.

While there is no doubt that accelerations and decelerations

should be considered in professional load management (12, 47–

49), it is less clear how to quantify such loads (47, 49). As it is

common in various studies and recommended in the literature,

we employed threshold-based counts (12, 48, 49). However,

regarding accelerations, Sonderegger et al. (50) showed that if

the running speed immediately prior to an acceleration being

initiated 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 underestimated.
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Conclusion

The present data support the existing literature that shows

training in professional soccer being planned predominantly in

microcycles. Therein, typical full matches present a unique load

for players, and training loads prove to be higher on days with a

greater temporary distance to a match or on the day directly

following a match. Load variation was demonstrated to be highly

associated with the day in a microcycle and the load measure.

Substantial differences in typical load were evident for players in

trainings as well as in matches, both between individual players

and between the assessed player positions. Taken together, and

considering that players usually have different strengths and

weaknesses and, moreover, do not respond uniformly to similar

stimuli, the present data underpin the importance of

individualized load management, even within team sports. When

consulting training match load ratios for that purpose, one

should be aware of the aim and select appropriate reference
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values depending on it, as the present analysis reveals striking

differences when applying player-specific or position-specific

match reference values. Furthermore, all ratios require accurate

interpretation to draw adequate conclusions.
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SUPPLEMENTARY FIGURE S1–S3

The caramel-colored dots indicate the ratio mean of the respective load
measure by player and day in a microcycle, and the caramel-colored error
bars range from mean minus standard error to mean plus standard error.
The dark gray dots show the mean of all players’ ratio means per day in a
microcycle, and the dark gray error bars range from mean minus standard
error to mean plus standard error.

SUPPLEMENTARY FIGURE S4–S6

The green dots indicate the ratio mean of the respective load measure by
player and day in a microcycle, and the green error bars range from mean
minus standard error to mean plus standard error. The dark gray dots
show the mean of all players’ ratio means per day in a microcycle, and the
dark gray error bars range from mean minus standard error to mean plus
standard error.
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