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Positional Differences in Absolute vs. Relative Training Loads in Elite Academy

Soccer Players
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1INSERM UMR1093-CAPS, Université de Bourgogne, UFR des Sciences du Sport, F-21000, Dijon; ? Centre d’Expertise
de la Performance, Université de Bourgogne, UFR des Sciences du Sport, F-21000, Dijon; * Dijon Football Cote d’Or

(DFCO), 17 rue du Stade, 21000 Dijon, France

Abstract

Weekly training loads are typically reported using absolute values
and are not individualized according to competition positional de-
mands (relative values). The aim of this study was to evaluate ab-
solute and relative training loads and compare across playing po-
sitions during a full in-season in an elite soccer academy. 24 elite
academy soccer players, categorized into five positions (CD: cen-
tral defender [n =4]; FB: full back [n = 5]; CM: central midfielder
[n=6]; WM: wide midfielder [n=5]; FW: forward [n = 4]), were
monitored using a global positioning system. Absolute training
load was calculated using the total distance, the distance at mod-
erate-speed ([15 - 20[ km-h"), high-speed ([20 - 25[ km-h'"),
sprint (> 25 km-h'"), the total number of accelerations (> 3 m-s?)
and decelerations (< -3 m-s2). Relative training load was calcu-
lated by dividing absolute training loads by mean values from the
competitive matches. Training loads were determined daily ac-
cording to their distance from match day (MD). One-way ANO-
VAs were performed to evaluate differences between playing po-
sitions. Absolute moderate-speed distance was greater for WM
compared to CD (p = 0.015, and p = 0.017), while the opposite
was shown for relative values (p = 0.014, and p < 0.001) on MD-
4 and MD-3, respectively. The absolute moderate-speed distance
was not different between CD, FB, CM, and FW, whereas relative
values were greater for CD on MD+2 and MD-4 (p < 0.05). FB
and WM performed greater absolute high-speed distance than CD
on MD-4 and MD-3 (p < 0.05) while no difference was high-
lighted for relative values.Our results demonstrated that in the
present academy players, training load for CD was underesti-
mated using absolute training loads for moderate and high-speed
distances. In contrast, relative training loads highlighted WM as
an underloaded position. Therefore, relative training loads are
recommended as they contextualize training loads according to
competitive demands and favor training individualization.

Key words: GPS; microcycle; periodization; youth; high-inten-
sity

Introduction

Global positioning systems (GPS) are commonly used
across the majority of top-level team sports and particularly
soccer (Akenhead and Nassis, 2016). Measuring external
loads (e.g., distance, speed, accelerations) has widely
helped our understanding of the work performed and ca-
pacities of athletes during training sessions and competi-
tion. For example, studies examining soccer competitions
generally report that central midfielders cover the greatest
total distance, wide midfielders and forwards cover the
greatest high-intensity distance, while the central defender

position is often reported as the least demanding
(Akenhead et al., 2013; Bradley et al., 2009; Di Salvo et
al., 2007; Mohr et al., 2003). These distinct positional de-
mands during competitions have also been observed during
training (Akenhead et al., 2016; Malone et al., 2015). How-
ever, quantitative analyses are generally conducted using
absolute values (e.g., total distance covered at different ve-
locities or the total number of accelerations). Although use-
ful for training load monitoring, absolute values lack indi-
vidualization. Indeed, for a similar external training load,
players’ adaptative responses will differ based on their own
physical capacities (Impellizzeri et al., 2019).

Training load individualization can be achieved by
adjusting for personalized physical capacities or using val-
ues for competitive physical demands. The latter has re-
cently been proposed to calculate relative training loads by
expressing absolute training loads as a fraction of players'
competitive demands (Zurutuza et al., 2017). This alterna-
tive method has been used to describe the weekly microcy-
cle (Baptista et al., 2019; Clemente et al., 2019; Guerrero-
Calderon et al., 2022; Modric et al., 2021; Zurutuza et al.,
2017). Studies have shown that the high-intensity compet-
itive efforts were less replicated during training in compar-
ison to low-intensity actions. However, to date, only two
studies have explored possible positional differences
(Baptista et al., 2019; Guerrero-Calderon et al., 2022). The
authors highlighted that wide players (full backs and wide
midfielders) were less likely to replicate their competitive
demands, particularly during high-intensity efforts than
wide back players (Baptista et al., 2019). In addition, while
most positions underperformed in relation to their compet-
itive high-intensity efforts, accelerations were shown to be
overperformed (Guerrero-Calderén et al., 2022). Conse-
quently, the authors proposed to modify training pro-
grammes to better match actual competition demands de-
pending on positional demands (Guerrero-Calderdn et al.,
2022). Relative training loads would enable practitioners
to individualize training loads and ensure that players are
trained according to their competitive positional demands.

Although the quantification of training loads using
relative values is emerging, to the best of our knowledge,
no study has attempted to compare the relative and absolute
quantification methods to explore differences between
playing positions during the training microcycle in acad-
emy soccer players. The aim of this study was to evaluate
absolute and relative training loads and compare values
across playing positions over the full in-season in an elite
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soccer academy. We hypothesized that these two methods
of training load quantification would generate differences
between positions by using absolute training loads (e.g.,
greater workload for wide as compared to central players)
and that these positional differences would disappear when
relative training loads are employed (i.e., training sessions
similarly replicate the competitive demands for all posi-
tions).

Methods

Participants

Twenty-four elite academy soccer players (age =18.2+ 0.6
years, height = 177.8 £ 1.3 cm, body mass = 70.2 + 3.9 kg)
of the U19 team of the elite French Ligue 2 football club
of Dijon Football Céte d’Or were recruited for this study.
Physical capacities of the players (i.e., sprint, vertical jump
and aerobic performances) are presented in Table 1. Play-
ers were categorized into five different positions: central
defender (CD) (n = 4), fullback (FB) (n = 5), central mid-
fielder (CM) (n = 6), wide midfielder (WM) (n = 5), and
forward (FW) (n = 4). Goalkeepers were excluded from
this study due to the different nature of their physical ac-
tivity. All the players were notified of the research protocol,
benefits, and risks before providing written informed con-
sent in accordance with the declaration of Helsinki. Ap-
proval of the study was obtained from the local ethic com-
mittee (approval number: IRB00012476-2021-17-06-114).

Design

An observational cohort study was conducted on an acad-
emy soccer team throughout the 2020/2021 season of the
highest national youth soccer competition in France. The
methodology was chosen in accordance with that previ-
ously used in similar studies (Clemente et al., 2019; Modric
et al., 2021). Only the weeks that fulfilled the following
criteria were considered: (i) the team played only one
match during the week, (ii) a minimum of 6 days between
matches, (iii) players completed all the training sessions in
the week considered, and (iv) players should complete the
entire match. Furthermore, to reduce the potential effects
of situational and environmental factors, matches including
red cards or specific contexts (e.g., bad weather, bad pitch,
matches against teams that were mathematically assured of
the title or relegation) were not analyzed (Chmura et al.,
2021). As such, out of the 26 competitive weeks, 20 were

included. This led to the average inclusion of 6.15 = 0.97
players per week.

Firstly, training loads (total distance, distances cov-
ered at specific speeds, and the number of accelerations and
decelerations) were initially calculated as absolute values
using GPS-derived data. Mean values were calculated
daily from the considered weeks (see below). Secondly,
relative training loads were calculated according to the de-
mands identified in competitive matches. The mean values
for all players’ competitive matches of the considered
weeks were calculated for the same GPS-derived data (to-
tal distance, distances covered at specific speeds, and the
frequency of accelerations and decelerations). On average,
4.9 £ 2.7 complete matches per player were used to calcu-
late the mean values (CD: 6.4 £+ 2.9 matches; FB: 5.7 +3.3;
CM:4.4+2.8;, WM:4.25+1.1; FW: 3.6 = 1.0). Afterwards,
absolute training loads were expressed as a function of the
mean values of all the competitive matches of the consid-
ered weeks.

Days were named according to their distance in
days from matchday (MD) (Owen et al., 2017). For exam-
ple, MD-4 corresponded to a training session four days be-
fore MD. The team followed a typical periodization
throughout the season consisting of six technical-tactical
field-based sessions and two gym-based sessions (Table 2).
Only field-based sessions were analyzed (MD+2b, MD-4a,
MD-4b, MD-3a, MD-2, MD-1) and gym-based sessions
(MD+2a, MD-3b) were therefore excluded.

Workload

Players wore a 10-Hz Fieldwizz GPS alongside a 100-Hz
triaxial accelerometer microsensor on every field-based
training session and match. This tracking system has
shown low bias and good coefficient of variation for the
total distance and peak speed, indicating high reliability to
track team-sport variables (Willmott et al., 2019). The de-
vice was located between the scapulae using a special vest.
As recommended by the manufacturer, all devices were ac-
tivated 15 min before data collection. Players systemati-
cally wore the same sensor to avoid interunit variability.
GPS were turned off as soon as the training session or
match was stopped. Data were downloaded and analyzed
immediately after each match and training session using
the manufacturer’s propriety software package (Fieldwizz,
ASI, Lausanne, Switzerland).

Table 1. Mean values of physical capacities across positions. Values are presented as mean values + SD.

CD FB CM WM FW
30m (s) 4.24 £ 0.01 4.09 + 0.08 *# 4.37+0.11 4.15+0.11 * 4.26 £0.04
CMJ (cm) 39.54 +1.58 46.0 £23.15* 37.80 +4.14 42.34+3.08 41.25+3.65
45/15 MAS (km/h)  19.06 £ 0.37 19.17 £ 0.69 20.25+0.85# 19.94+051# 18.50+0.32

CMJ: counter movement jump; 45/15 MAS: 45/15 maximal aerobic speed. CD: central defender; FB: full back; CM: central
midfielder; WM: wide midfielder; FW: forward. * p < 0.05 of the given position compared to CM and # compared to FW.

Table 2. Typical weekly periodization used throughout the study.

MD+1 MD+2 MD-4 MD-3 MD-2 MD-1
AM i i MD-4a: Strength MD-3a: Aerobic Speed oriented )
oriented session (90min) oriented session (90min) session (70min)
MD+2a: Upper body MD-3b:
PM _ strength session (60min) MD-4b: Positional spe- e oty Singh _ Tapering oriented

MD+2b: Active recovery
session (60min)

cific session (60min)

session (60min) G (S0imi)

MD: match day.
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The external load during each match and training
session was monitored using the total distance, distance
covered at specific speeds, frequency of accelerations, and
decelerations. Total distance was the distance covered by
the players and expressed in meters (m). Similarly, dis-
tances at specific speeds were expressed in m and included
moderate-speed distance ([15 - 20[ km-h™"), high-speed dis-
tance ([20 - 25] km-h™"), and sprint distance (> 25 km-h™").
The total frequency of accelerations (> 3 m-s2) and decel-
erations (< -3 m-s?) was determined. Distances covered at
each specific speed and the number of accelerations and
decelerations, were determined as soon as the players
reached the above thresholds and as long as the players re-
mained within the given threshold. The absolute values,
quantified during training, were subsequently expressed as
a function of values obtained during competitive matches
to compute relative training loads. In accordance with a
previous study, the distance travelled at low-speed ([0 -
15[ km-h™") was excluded from analyses due to its limited
importance related to soccer performance (Clemente et al.,
2019).

Physical tests

Players performed physical tests at three different time
points during the season. The tests included sprinting per-
formance, vertical jump height and a maximal aerobic
speed test. Tests were implemented at the end of the pre-
season (T1), just after the winter break (T2), and at the end
of the season (T3). Two 30 m sprints were performed sep-
arated by 3 min of passive recovery. The 30 m sprinting
times were measured using two pairs of photoelectric tim-
ing gates (Witty system, Microgate, Bolzano, Italy). Play-
ers started from a standing position as close as possible to
the first timing gate. The best 30 m sprinting time was se-
lected for analysis. Vertical jump height was evaluated us-
ing two counter movement jumps interspersed by 2 min of
passive recovery. Players had to jump as high as possible

from a standing position, then flexing the knees until 90°
and extended the knees to jump in a continuous movement.
They were asked to keep their arms on their hips from the
standing position until landing. Performance was measured
using a photocell jump system (Optojump, Microgate, Bol-
zano, Italy) sampling at 1000 Hz, with jump height (cm)
subsequently calculated by proprietary  software
(Optojump, Version 1.3.20.0, Microgate, Bolzano, Italy).
The best performance was retained for analysis. Maximal
aerobic speed (MAS) was obtained using a 45 s/15 s incre-
mental intermittent test on a track (45/15 MAS). The start-
ing velocity was 8.0 km-h™! and increased every 1 min with
0.5 km'h! increments. The last speed validated by the
players was recorded as their MAS. All tests were per-
formed by the same investigators, scheduled at the same
time of day, performed in the same order, and using the
same devices at each period (T1, T2, and T3). The mean
value of the three different time points was used for analy-
sis.

Statistical analyses

All statistical analyses were performed using JASP (Ver
0.13, JASP Team (2020), University of Amsterdam). Sphe-
ricity was examined by conducting the Mauchly’s test.

One-way repeated measures analyses of variances
(ANOVA) were performed to evaluate differences be-
tween positions (independent factor). These ANOVA were
performed on physical tests. For each ANOVA, partial eta-
squared (n,z,) was calculated as measures of effect size. Ef-
fect sizes were considered as small (<0.06), moderate (0.06
- 0.15), or large (>0.15) (18). In the case of significant po-
sition effects, Bonferroni’s post hoc tests were used to
identify any localized effect. Mean values are presented
with the effect size (Cohen’s d) and associated 95% confi-
dence interval. Effect size was defined as trivial (<0.2),
small (0.2 - 0.5), moderate (0.5 - 0.8) and large (>0.8) (18).
The statistical significance was set at p < 0.05.

Results

738 individual training sessions (CD =192, FB =204, CM
=132, WM =102, FW = 108) and 123 individual matches
(CD=32,FB=34,CM =22, WM = 17, FW = 18) were
analyzed.

Physical tests

Results for physical tests are shown in Table | The ANO-
VAs revealed significant position effects for 30m (p <
0.001; ; np = 0.609, large), CMJ (p = 0.014; ; nj = 0.449,
large), and the 45/15 MAS (p = 0.004; ; n; = 0.526).

30m time was lower for FB than CM (d =2.702; p <0.001),
and FW (d = 2.279; p = 0.035). WM also demonstrated
lower time than CM (d = 1.755; p = 0.012). CMJ demon-
strated greater values for FB than CM (d = 2.046; p =
0.010). 45/15 MAS, was greater for CM and WM than FW
(d =2.437; p = 0.004, and d = 3.058; p = 0.029, respec-
tively).

Competitive demands
In match-play (Table 3), the ANOVAs revealed significant
position effects for total distance (p < 0.001; n; = 0.420,
large), moderate-speed distance (p < 0.001; n;= 0.327,
large), high-speed distance (p < 0.001; n;; = 0.497, large),
sprint distance (p <0.001; n; = 0.262, large), the frequency
of accelerations (p < 0.001; n5 = 0.205, large) and deceler-
ations (p < 0.001; n, = 0.339, large).

Total distance was significantly greater for CM and
WM than the other positions. Moderate-speed distance was
significantly greater for WM compared to CD, FB, and
CM. FW reported greater moderate-speed distance than
CD and FB while CM covered greater moderate-speed dis-
tances than CD. High-speed distance was greater for WM
versus the other positions. Both FB and FW demonstrated
greater values than CD and CM. Sprint distance was
greater for FB compared to CD, and CM. WM also covered
greater sprint distance than CM. The frequency of acceler-
ations and decelerations was greater for FB and WM than
CD, and CM while FW also performed more decelerations
than CD.

Training workload

Significant main playing positional effects were obtained
for all absolute and relative training load variables (Table
S1).
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Table 3. Mean values of GPS indicators during competition across positions. Values are presented as mean values £ SD.

CD FB CM WM FW
TD (m) 9914 £ 617 10260 + 622 10943 £ 639 * #9 11168 +690 *#9 10240 £ 575
MSD (m) 1113 +274 1198 + 338 1420 + 337 * 1796 £ 400 *#§ 1545 389 * #
HSD (m) 375+ 131 520+ 115 *§ 351+ 129 664+ 142 % #89  474+114%§
SPR (m) 120+ 117 210496 *,§ 130+ 118 190 + 96 § 125+93
ACC (n) 83+ 24 100 + 23 *.§ 79 £ 26 115+ 27 *§ 95 +28
DEC (n) 1+22 99 420 *,§ 78 £ 23 107 + 23 *,§ 91+£22 %

TD: Total distance (m); LSD: low-speed distance ([0-15[ km-h™!) (m); MSD: moderate speed distance ([15-20[ km-h™!) (m); HSD:
High speed distance ([20-25] km-h™') (m); SPR: Sprint distance (> 25 km-h™") (m); ACC: accelerations (> 3 m's) (n); DEC: deceler-
ations (< -3 m's2) (n); CD: central defender; FB: full back; CM: central midfielder; WM: wide midfielder; FW: forward. * p < 0.05

of the given position compared to CD, # compared to FB, § compared to CM, 1 compared to WM and § compared to FW.

Wmch@dFB OCMOWME FW
10000 - . 100 F----------- e LT
9000 1 . 90 - 8
8000 { « . i » 801 o *
70001 o ® 704 e
o x : ° °
g 6000 5 S 60 3 8
=1 ] = i
g 5000 . b = 50 49 U
= o Ly 7} °
< 4000 ° = 40 . °
3000 1 . ° . 01 ° ° 0
o o e
20001 ° 201 o
1000 ° 10 1 °
0 0
MD+2b MD-4a MD-4b MD-3a MD-2 MD-1 MD+2b MD-4a MD-4b MD-3a MD-2 MD-1

Figure 1. Whisker plots representing positional absolute and relative total distance across the week. Dots represent outliers.

*: significant post hoc difference between positions (p < 0.05).

The absolute total distance was greater for WM
compared to CM on MD+2b, CD and FB on MD-4b, and
CD, CM and FW on MD-3a (Figure 1). FW also reported
greater absolute total distance than FB on MD-4b. On MD-
1, CM covered a greater absolute total distance than CD
and FB. The relative total distance was greater for CD than
CM on MD+2b, and MD-4a. On MD-4b, the relative total
distance was greater for FW and WM than FB.

The absolute moderate-speed distance was greater
for WM than CM on MD+2b, CD, and FB on MD-4b, and
CD on MD-3a (Figure 2). On MD-1, CM covered greater
absolute moderate-speed distance than CD, and FB. The
relative moderate-speed distance was greater for CD than
the other positions on MD+2b, and MD-4a, WM on MD-
4b, WM on MD-2, and FW on MD-1. A greater relative
moderate-speed distance was also observed in FB than
CM, and WM on MD+2b, WM, and FW on MD-4a, CM,
WM, and FW on MD-3a, WM on MD-2, and WM on MD-
1. CM covered a greater relative moderate-speed distance
than WM on MD-1.

The absolute high-speed distance was greater for
WM than CD on MD+2b, MD-4a, and MD-3a (Figure 3).
WM covered a greater absolute high-speed distance than
CD on MD-4a, and MD-3a. The relative high-speed dis-
tance was greater in CM than the other positions on MD-
4a.

The absolute sprint distance was greater for FB than

CD, and CM on MD+2b, and MD-2 (Figure 4). During
MD-4a, and MD-3a, WM covered a greater absolute sprint
distance than CD, and CM. The relative sprint distance was
greater for FW than CD on MD-3a, and MD-2.
The absolute number of accelerations was greater for FW,
and WM than CM on MD-4a, and FB on MD-4b (Figure
5). FB, and WM, had greater absolute accelerations than
CD, and CM on MD-3a. The absolute accelerations were
greater for FB than CM on MD-2. FW performed a greater
relative number of accelerations versus FB on MD-4b and
MD-4a, and versus FB, and WM on MD-1. The relative
frequency of accelerations was greater for CD compared to
FB on MD-4a, and WM on MD-2.

The absolute frequency of decelerations was greater
for FB as compared to the other positions on MD-4a, and
MD-3a, and CM, and FW on MD-2 (Figure 6). WM per-
formed a greater frequency of absolute decelerations com-
pared to the other positions on MD-4a, and MD-3a, CD,
CM, and FB on MD-4b, and CD, CM, and FW on MD-1.
The relative number of decelerations was greater for CD
than FW on MD-4a, FB on MD-4b, and CM, WM, and FW
on MD-2. On MD-4b, WM reported a greater relative num-
ber of decelerations than FB.
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Figure 2. Whisker plots representing positional absolute and relative moderate-speed distance across the week. Dots represent
outliers. *: significant post hoc difference between positions (p < 0.05).
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ECDOFBOCMOWME FW
120 . 160 1 -
* o *
140 - .
100 1 ° L
o
R g 120 A Y °

80 - * *
E o ;\? 100 Jmmmmm b e
|- = )
) Q
=60 - = 801
2 g -
{ -] é 60 Bi

40 A

I;
N . 40 1
20 A . . . 20 s
T
[' e 0 =
MD+2b MD-4a MD-db MD-3a MD-2 MD-I MD+2b MD-4a MD-db MD-3a MD-2 MD-I
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Discussion

The aim of this study was to compare absolute versus rela-
tive external loads in training and compare these across
playing positions over the full in-season in an elite soccer
academy. The results only partly confirmed our a priori hy-
pothesis. While WM performed greater workloads than CD
and CM using the absolute training loads method, the anal-
ysis of relative training loads demonstrated that WM were
underloaded compared to the other positions and that CD
performed the greatest relative training loads. As such,
these results suggest that quantifying relative training loads
enables a more precise interpretation of players’ training
loads compared to the absolute method.

The main results regarding absolute training loads
suggested that WM performed greater workloads on sev-
eral days compared to the other positions for all GPS-
derived values. Conversely, CD had the lowest training

loads. Previous studies also obtained similar results in pro-
fessional players (Akenhead et al., 2016; Malone et al.,
2015; Owen et al., 2017). In addition, wide players (FB and
WM) demonstrated a greater number of accelerations and
decelerations during training compared to central positions
(CD, CM, and FW). The authors proposed that practition-
ers should carefully consider the higher acceleration and
deceleration load imposed on wide players as compared to
central players (Vigh-Larsen et al., 2018) as these actions
were notably linked to neuromuscular fatigue in elite
women soccer players (Douchet et al., 2021). This is due
to the greater neural activation of working muscles, com-
pared to constant-speed running (Mero and Komi, 1986).
Playing position differences registered using absolute
training loads are concordant with observed competitive
positional demands. However, such a similarity cannot en-
sure that competitive demands are exactly reproduced due
to the magnitude of the differences between the playing po-
sitions.
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Relative training loads aim to help practitioners pro-
gram training in a way to reflect the real match demands
(Guerrero-Calderon et al., 2022). Here, when accounting
for relative training loads, markedly different conclusions
emerged. For instance, while CD often previously report
lower absolute training loads (Akenhead et al., 2016;
Malone et al., 2015), results revealed that CD performed
significantly greater relative training loads than most posi-
tions during the entire microcycle. Similarly, while WM
reported the greatest competitive demands and weekly ab-
solute values, relative values suggested that they were less
likely to replicate competition demands. This result is con-
sistent with observations in a previous study conducted in
professional players (Baptista et al., 2019). These authors
reported that the WM position was less likely to replicate
its competitive demands as compared to the other playing
positions. More specifically, WM are well known to per-
form numerous changes in speed during competitive
matches (Vigh-Larsen et al., 2018). However, our results
demonstrated that central positions (CD and FW) per-
formed a significantly greater relative number of accelera-
tions and decelerations than wide players. These competi-
tive positional differences are not reproduced during train-
ing. Practitioners should consider relative training loads for
optimal programming and pay greater attention to increas-
ing the training load in wide players potentially through ad-
ditional and specific work following the session (Guerrero-
Calderon et al., 2022).

Furthermore, the competitive demands are not re-
produced to the same extent for all the GPS variables ana-
lysed during training. Indeed, a player exactly reproducing
the competition demands would obtain 100% relative val-
ues during each single session (horizontal line in Figure 1,
Figure 2, Figure 3, Figure4, Figure 5 and Figure 6). As can
be seen from the various figures (except for moderate-
speed distance and to a lesser extent accelerations and de-
celerations), this was evidently not the case. Indeed, data
were far below 100% for the relative total, high-speed, and
sprint distances covered throughout the microcycle. Of
course, replicating the total distance of the match during
training is impractical and not the main aim of practition-
ers. However, relative high-speed and sprint distances are
much easier to replicate and are not time-constrained.
Academy practitioners should consider increasing high-
speed and sprint distances during the week to approach
100% relative training loads. Indeed, high-intensity efforts
have continuously increased in elite soccer with these ef-
forts more and more crucial to achieve competitive results
(Di Salvo et al., 2009; Nassis et al., 2020). Moreover, high-
intensity distance has been shown to differentiate across
playing standards (Mohr et al., 2003). Increasing high-in-
tensity distances covered in academy settings is necessary
for the development of young players and to bridge the gap
from academy to professional status; a training stimulus
continuously below competitive demands will be ineffi-
cient to increase high-intensity distances during matches.
High-velocity efforts could easily be increased with differ-
ent field sizes during small-sided games (Riboli et al.,
2020; Sangnier et al., 2019) or with additional game-spe-
cific drills (e.g., large-sided games) (Gabbett and Mulvey,
2013) or dissociated work (e.g., repeated 40m sprints)

(Hauden et al., 2013; Iaia et al., 2009). Furthermore, high-
intensity efforts are characterized by numerous accelera-
tions and decelerations. The current results, and others, re-
vealed that accelerations are extensively replicated during
training (Clemente et al., 2019; Guerrero-Calderon et al.,
2022) which is generally explained by the large use of
small-sided games (Ade et al., 2014; Dalen et al., 2021).
However, performing numerous accelerations and deceler-
ations has been suggested to decrease the level of readiness
(Douchet et al., 2021). Optimizing the balance between
high-intensity distance and number of accelerations can be
facilitated using relative training loads and help avoid un-
expected fatigue.

To the best of our knowledge, this study was the
first to explore the differences between absolute and rela-
tive training loads in elite academy soccer players. Here, it
was demonstrated that these quantification methods yield
different conclusions. Using the relative method, WM per-
formed the lowest weekly training load and CD the great-
est. This study also demonstrated that training sessions fail
to replicate competitive demands for most GPS-derived
data. However, replicating competition during training ses-
sions is not always easily achieved. As previously sug-
gested, additional work after a training session is an alter-
native (Guerrero-Calderon et al., 2022). Studies should
nevertheless be conducted to explore the effects of such
supplementary work. A limitation here was that only a sin-
gle academy soccer team was considered, with a limited
number of matches. Accordingly, future research should
replicate this study design in different contexts (e.g., senior
players). In addition, future work could quantify relative
training loads using individualized thresholds based on
personalized physical capacities, to help improve training
prescription and individualization.

Conclusion

The present results, obtained in academy soccer players,
highlighted the need to quantify relative training loads to
help contextualize training programming according to the
competitive demands. This study challenges previous re-
sults demonstrating that WM perform greater training
loads than other positions, and CD lower training loads us-
ing absolute thresholds. For instance, some GPS-derived
data such as the relative moderate-speed distance revealed
that WM were underloaded compared to other positions,
while CD performed the greatest relative training loads.
Furthermore, during the microcycle, these results demon-
strated that competitive demands were only replicated for
low-velocity thresholds, accelerations, and decelerations.
The possible overuse of small-sided games (although evi-
dently important for soccer performance) does not facili-
tate replication of high-velocity efforts. Practitioners in
soccer academies, should therefore increase high-intensity
demands over the week using, for example, large-sided
games and/or dissociated drills including sprinting and
high-intensity efforts at the end of training sessions.
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Key points

e Relative loads should be quantified instead of absolute train-
ing loads to contextualize training loads based on players'
demands during soccer competition.

e Relative training loads could help practitioners to further in-
dividualize training contents and improve prescription.

e Players should cover greater distances in high-velocity
thresholds during training to replicate competitive demands.

e Practitioners should consider adding large-sided games and
dissociated work to meet high-intensity requirements.
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Table S1. Main playing position effects in absolute and relative training loads.

CD FB cM WM FW CD FB cM WM FW
AbsTD (m) RelTD (%)
p=0.036 p=0.003
MD+2b  n2-0083,  46652+779.8  44385+637.4  42024+8263 1002 g 10865 45379+ 670 n2=0.125, 47 i§ 77 432462 385475 449+9 449+78
moderate ; moderate
p=0.983 p=0.017 o
MD-da  72=0.003,  62184+8819  6140.6+756.7 61134+ 1127.8 6115+ 708 6074.5+479.8  n2=0.097, e 59.7+62 56£10.1  561+£63  602+54
small moderate
p<0.001 p=0.006
MD-4b  73=0.166,  3101.1+578.6  2895.6+662.1  3304.4+916.6 3804'4**#1021'5 3551'6#* M3 ona, 312457 283469 302279 34'658'8 351;5'1
large ’ moderate
p=0.001 7062.2 + 1065.4 p=0.053
MD-3a  73=0.139,  59052+870.8  6385.3+909.6 60323+ 1194.9 Tag Y 6136x8779  pp=0a7s, 595486 62287  552+104  636+114  60.4=88
moderate 7S moderate
p=0.527 p=0.023
MD-2 n2=0.027,  55968+1227  5659.8+10323  531044942.6  S5144.6%1237.9  5723.9+1101.8  72=0.091,  565+12.6  55.1+96 4889  481+127  566=11.6
small moderate
p=0.004 5300.4 + 889.4 p=0.570
MD-1 n2=0.122, 4500945409 47103 +824.5 kA 4915547951 47405+5744  12=0.024, 454+58 45983 48788 451486 47+75
moderate ’ small
AbsMSD (m) ReIMSD (%)
p=0.040 <0.001
MD+2b  n3=0081,  9272+1555 874+ 123 8325+1686 07 Z 2081 g9g341329 420330, 87#2;21?'8 74'1;13'5 604+13.6  567+128 6314167
moderate ’ large e >
p=0.899 p<0.001
MD-da  72=0009,  12129+182.1  11765+149.4  11704+2459  11786+1332  11754+914 ni=03g9, ~ 148+27.3 99415 8554192  687+106  822+166
#3811 1
small large
p=<0.001 744842123 p=0.008
MD-4b  n3=0154,  6068+121.6  5669+137.6  652.1+193.7 SR 695.2+103.1 72=0.109, 574143 43+ 13 469+126  438+123 487124
large ? moderate
p=0.026 p<0.001
MD-3a 720090,  11479+1609  12021+164.4  11417+2409  IZSEDRL 4169109951 p2=0208, 107;;52'3 101';;:,”16'2 843179  767+168 812176
moderate large > >
p=0.781 p<0.001
MD-2 n2=0015, 1109542216  1080.14225.6 1053441822  962.1+237.7 1101 +223.3 n2=0.146, 99'8:41'5 88'5126'1 7624201  614+21.6  75.5+22.6
small moderate
p=0.002 p<0.001
MD-1 n2=0134, 88654999  919.5+151.8  [OAOEITA o665 1501 9355+ 110.1 n2=0.192, 83'7;{7'8 HLL ?f o 93 : 189 5831174 66+ 17
moderate large ’

MD: Matchday; CD: Central defender; FB: Full back; CM: Central midfielder; WM: Wide midfielder; FW: Forward; AbsTD: Absolute total distance; AbsMSD: Absolute moderate-speed distance; AbsHSD; Absolute high-speed
distance; AbsSPR: Absolute sprint distance; AbsACC: Absolute number of accelerations; AbsDEC: Absolute number of decelerations; RelTD: Relative total distance; ReIMSD: Relative moderate-speed distance; RelHSD; Relative
high-speed distance; RelSPR: Relative sprint distance; RelACC: Relative number of accelerations; ReIDEC: Relative number of decelerations. * p < 0.05 of the given position compared to CD, # compared to FB, § compared to
CM, f compared to WM and 9 compared to FW.
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Table S1. Continue....

CD FB CM ‘WM FW CD FB CM WM FW
AbsHSD (m) RelHSD (%)
p=0.017 00141025 p=0.557
MD+2b n3=0.097, 27.5+26.1 62.7+50.8 47.4+95.7 T 43.5+£224 n%=0.025, 75+7.1 11.9+9.5 13.2+27.6 13.4+159 9.1+49
moderate small
p<0.001 p=0.002
MD-4a n3=0.147, 119 £ 62.4 209'3: GBS 184.6 £116.7 237'7: AL 175.7+57.9 n%=0.137, 319+ 16.4 403+134 63,;7; Shiz 36.6 +16.1 37.7+15.7
moderate moderate sanl
p=0.664 p=0.482
MD-4b n§=0.020, 56.3+584 48.1 £56.7 35.9+43.5 69.8 + 89 68.7+141.2 17520.029, 15.1+14.7 9.1+99 9.3+10.6 10.5 £ 14.6 15.4 + 31
small small
p<0.001 p=0.162
MD-3a n3=0.156, 135.9 £ 104.1 ABE i L2k 162.1 £131.9 339'6t lskiss 201.6 £ 113.7 15=0.054, 353+259 55.3+35.2 55.5+57.3 49.5+24.5 42.5+259
large large
p=0.781 p=0.519
MD-2 n3=0.015, 146.1 £ 148.2 188.3+122.6 89.5+102.7 169.2 + 147.8 147.2+97.3 n3=0.027, 47 £53.8 414354 30+39.3 293+27.6 35.1+34.9
small small
p=0.132 p=0.025
MD-1 n3=0.058, 57.2+57.3 93.5+74.8 76.4+53.8 79.9 +59.8 58 +41.3 15=0.089, 155+15.4 18.8£16 263 +23.2 11.9+8.5 11.6+ 8.4
small moderate
AbsSPR (m) RelSPR (%)
p<0.001 56463 p=0.401
MD+2b n3=0.158, 1.1£3.8 . § ’ 0.5+2.1 44+58 24+44 1n%=0.033, 1.3+5.7 25+28 1+4.6 2+£26 4.1+95
large . small
p=0.010 78.5 4 58.1 p=0.169
MD-4a n%=0.105, 349+434 48.9+31.6 33.5+452 . § ’ 42.9+36 1%=0.093, 35.7+44.1 24+153 48.2+459 39.7+27.4 36.1 +43.6
moderate ’ moderate
p=0.906 p=0.079
MD-4b 7712,:0.009, 10.7+11.9 13+329 10.9 +£26.8 10.3+16.7 6.7+18.9 17,2,:0.068, 9.7+11.5 5+11.7 18.6 £41.7 49+9.1 7.3+£20.6
small moderate
p<0.001 p=0.039
MD-3a n3=0.210, 29.5+38.6 79.3 +63.9 15.8+19.4 159'9: s 76.3+£112.2 n3=0.081, 255+31.3 41.5+37.9 34.8+50.2 67.4+63.8 44'3: *
large 3 moderate
p<0.001 p=0.020
MD-2 n3=0.226, 114+16.6 50'5:.47'9 75+13 31.4+32.1 27.2+282 1%=0.094, 9.8+133 23.4+21.7 12.1 +£21.1 155+14.1 29.1 i 373
large 3 moderate
p=0.096 p=0.140
MD-1 nf,=0.065, 10.9+£23.9 18.8+£27.6 8.8+13.3 4+49 49+153 r]lz,=0.057, 11.5+£26.7 93+14.3 16.7 £28.3 1.5+2.1 3.5+10.8
moderate small

MD: Matchday; CD: Central defender; FB: Full back; CM: Central midfielder; WM: Wide midfielder; FW: Forward; AbsTD: Absolute total distance; AbsMSD: Absolute moderate-speed distance; AbsHSD; Absolute high-speed
distance; AbsSPR: Absolute sprint distance; AbsACC: Absolute number of accelerations; AbsDEC: Absolute number of decelerations; RelTD: Relative total distance; ReIMSD: Relative moderate-speed distance; RelHSD; Relative
high-speed distance; RelSPR: Relative sprint distance; RelACC: Relative number of accelerations; ReIDEC: Relative number of decelerations. * p < 0.05 of the given position compared to CD, # compared to FB, § compared to
CM, 1 compared to WM and 9§ compared to FW.
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Table S1. Continue....

D FB M WM FW D FB cM WM FW
AbSACC (n) RelACC (%)
p=0.152 p=0.126
MD+2b  73=0055,  39.5+253 46.7+20.9 324211 39.7+27.5 49.1+238 n2=0059, 4834276 4724223 4114274 345423  558+225
small small
p<0.001 p=0.002
MD-4a  72=0158,  22+155 62.6+11.9 51+14.1 77'8§27'1 68'8?4'2 0132, SO eo0i134 es:183 @osina SN
large moderate
p=0.004 p<0.001
MD-4b  n3=0.121,  365+17.5 32248 3624208 742103 el n2=0.167, 44+166 24485 454247 ap4s1ay 0082
moderate large
p<0.001 p=0.563
MD-3a  73=0202, 526+ 14.6 71'lf§19'6 52.7+18.3 75‘7f§23'9 61.9+233 n2=0025,  653+186  708+177  669+233  63+193  708+12.1
large ’ ’ small
p=0.004 p=0.050
MD-2 n2=0.123,  563+122 67'6§i 178 489+23.1 54.9+16.3 549+ 184 n=0077, 0 J‘TZ 238 6814194 6154279 493419 6924349
moderate moderate
p=0.024 p=0.002 74 4053
MD-1 n2=0.091,  53.7+124 57.7+189 583+ 132 68.5+ 183 68 +26.9 N3=0.135,  673+19.5  583+189 7464197  564%137 T
moderate moderate ?
AbsDEC (n) RelDEC (%)
p=0.168 p=0.138
MD+2b  72=0053,  33.9+2l.1 417163 2924203 31.9425.1 3144164 n2=0057,  464+27.1 4254184 38428 2924221  353+166
small small
p<0.001 p=0.010
MD-da  n3=0247,  469+9.6 594 t 11]3'5 413+114 62.1 j§: ,1”4'8 4574204 n2=0.106, 67 iﬂ”"‘ 59.9+144  S54+162 5834151 5124164
large > > moderate
p<0.001 p<0.001
MD-4b  n3=0.175,  263+14.9 20.8+7.6 2424174 39%;1”5'4 28241038 n2=0.158, 9]0 2483 s16x224  HED T 31a136
large 7 large
p<0.001 p=0.151
MD-3a  72=0277, 483 %11 64'2?%6'9 2+146 683‘;2”1'9 4544218 n2=0055,  574+228  574+169 526305  68+218  512+303
large > > small
p<0.001 p<0.001
MD-2 n2=0.193,  47.6%132 57'6§iT16‘3 38+ 154 434168 405+12.8 n2=0.188, 68;2;'2 58.6+19  48.6+186  43+169 3934228
large ’ large e
p<0.001 054151 p=0.051
MD-1 n3=0198,  433+107 504+ 111 4511 Eie $B2+137 n2=0076,  6l.1<148  S17+149  57.9+17  S48=127  49.1+154
large > moderate

MD: Matchday; CD: Central defender; FB: Full back; CM: Central midfielder; WM: Wide midfielder; FW: Forward; AbsTD: Absolute total distance; AbsMSD: Absolute moderate-speed distance; AbsHSD; Absolute high-speed
distance; AbsSPR: Absolute sprint distance; AbsACC: Absolute number of accelerations; AbsDEC: Absolute number of decelerations; RelTD: Relative total distance; ReIMSD: Relative moderate-speed distance; RelHSD; Relative
high-speed distance; RelSPR: Relative sprint distance; RelACC: Relative number of accelerations; ReIDEC: Relative number of decelerations. * p < 0.05 of the given position compared to CD, # compared to FB, § compared to

CM, 1 compared to WM and 9§ compared to FW.





