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Abstract: The aim of this study was to describe weekly acute workload (wAW), chronic workload
(WCW), acute: chronic workload ratio (WACWR), training monotony (wTM), and training strain
(wTS) variations over a full season across playing positions. Twenty-one professional soccer players
were daily monitored during 48 consecutive weeks. Total distance, sprint total distance (STD), high-
speed running distance (HSRd), maximum speed, number of the repeated sprints, and body load (BL)
were obtained during training and matches using a Wearable Inertial Measurement Unit. The wAW
was determined for each external load measure. The wCW, wACWR, and wTM were calculated
based on BL metric. Higher values of weekly STD were observed in lateral defenders/wingers
(LDW) compared to central defenders/forwards (CDF) (p = 0.009; ES = Large) and midfielders (MDF)
(p = 0.034; ES = Large). Additionally, weekly HSRd was higher in LDW vs. CDF (p = 0.016; ES = Large)
and MDF (p = 0.011; ES = Large). The CDF presented a lower weekly number of repeated sprints than
LDW (p = 0.021; ES = Large). In conclusion, weekly external load metrics were position-dependent
over the season. Moreover, LDW a presented greater weekly STD, HSRd, and number of repeated
sprints compared to other positions.

Keywords: football; external load monitoring; performance; GPS; WIMU]; sport science

1. Introduction

Load monitoring is employed by coaches and practitioners to understand the basic
concept of “load-recovery”, which consequently leads to positive adaptations in physical
fitness [1,2]. The process of continuous monitoring was extensive coverage, for example, to
identify individual strengths and weaknesses and to monitor player development over the
full season [3-5]. Additionally, previous studies reported several factors that influenced
the external loads, such as congested schedule [6], match players’ participation [7], task
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constraints [8], and situational variables [9]. Paying attention to training load, recovery,
and changes in psychological status provides useful information for coaches to handle and
manage the variation of stimuli based on playing position. The optimization of the training
individualization is to decrease the risk of injury, and the early finding of bad overreaching
is to minimize the risk of non-functional overreaching syndrome (NFOR). However, the
process of load monitoring over the full season, considering the playing posing, was
few previously evidenced [10-12]. In fact, when the volume of training/competition
increases in conjunction with insufficient recovery, the players may enter into an NFOR
marked by decrements in performance due to cumulative fatigue during the season [13].
It has been shown that there are different performance level differences between player
positions [14-16].

Aside from that, soccer has been described as a high-intensity activity, including
sprints, accelerations, and decelerations [16]. Furthermore, controlling the physiologi-
cal and physical condition of players provides information about their unique require-
ments [17]. Recognizing the demands is one of the key advantages of individual monitoring
based on their playing position [13]. In addition, diverse energy systems, physiological,
and psychological demands are represented by different roles and needs in each playing
position [18]. For example, according to a study, defenders have more backward, lateral,
and explosive actions, such as jumping, than other positions, consuming 20 to 40% more
energy than going forward [19]. In contrast to attackers and defenders, midfielders run
greater distances but at a lower or moderate intensity. Attackers, like defenders, are more
prone to sprints and explosive movements [20].

Previous studies described positive or negative fluctuations in the internal and exter-
nal load over different periods (e.g., pre-season or in-season) in professional soccer [21-25].
Thus, some studies provided more information when focusing on training monotony (TM)
(mean of training load during the seven days of the week divided by the standard deviation
of the training load of the seven days) and training strain (TS) (multiplication of accumu-
lated weekly load by the TM) workload indices [10,26]. In contrast, Clemente et al. [27]
demonstrated high TM variations (0.9-3.8 AU) in professional players over the season.
Additionally, a longitudinal study showed that TM and TS were related to high-injury risks
and illnesses [28]. Additionally, the relationship between acute weekly load and chronic
load (referred to as “acute: chronic workload ratio”, or ACWR) has been received as a
measure of predicting injury [29]. However, the framework and mathematics principles of
this metric for this purpose received scientific criticism [29,30]. In contrast, no critics can be
found to the real value of the ACWR to understand the progression load principle over
the weeks [31]. Therefore, a well-implemented soccer player monitoring, including TM,
TS, and ACWR, is warranted to better control stimulus-response relationships over the
season [32].

Furthermore, the accelerometry-based measures can provide a great level of sensitivity
and accuracy considering the capacity of these sensors to collect data at a higher acquisi-
tion frequency than Global Positioning System (GPS) [33-35]. The body load (BL) metric
(expressed as a G-force) is a triaxial accelerometer measure from the GPS that provides sum-
marized actions information of the acceleration/deceleration, related changes of direction,
jumps, and impacts/collisions [36]. Previous studies have used GPSs and accelerometers to
access match running performance (e.g., high-intensity running, sprinting, and BL) across
playing positions [37,38]. However, the TM, TS, and acute and chronic of both distance- and
accelerometry-based workloads across playing positions have not been well documented
in the literature over the professional soccer season. This information can aid coaches and
practitioners to deeply understand the specificities of the positional role and prescribe more
representative training tasks.

In a professional sports team, a full season include three phases: the off-season,
pre-season, and in-season. Pre- and in-season are substantial in terms of physical work,
where usually during the pre-season there is an enhancement of physical fitness of the
players, while the in-season improves the maintenance of the capacities developed during
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the pre-season. With this explanation, we hypothesized that the training loads recorded
for players at different time periods of the season could be different [27,28], for example
possibly being greater during the pre-season, lower during competition, or lower during the
tournament. Therefore, the aim of this study was twofold: (i) to describe weekly average
acute workload (wAW), chronic workload (wCW), acute: chronic workload ratio (wWACWR),
TM (WwTM), and TS (WTS) based on BL metric variations across the full season by playing
positions and (ii) to analyze the variations of WAW, wCW, wACWR, wTM, wTS, weekly
total distance (WTD), weekly sprint total distance (WSTD), weekly high-speed running
distance (WHSRd), weekly repeat sprint (wRS), weekly maximum speed (wMaxSp), the
ratio between wHSRd /wTD, and the ratio between wSTD/wTD by playing position over
the full season.

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

This study was a cross-sectional cohort that included a full season of attending a pro-
fessional football team during 48 weeks in the Persian Gulf Premier League and knockout
tournament in the 2018-2019 year. Due to the limited number of subjects, we tried to
divided players according to the similar physical demands of playing position [39—-41]:
(i) lateral defenders and wingers (LDW; n = 4 lateral defenders, n = 4 wingers); (ii) central
defenders and forwards (CDF; n = 4 central defenders, n = 3 forwards); and (iii) midfielders
(MDF; n = 6 midfielders). During the whole season, 7 weeks congested (i.e., two or more
matches within 7 days), 30 weeks non-congested; 44 matches, 200 training sessions; and
141,26.75 min of time play and sessions were held.

2.2. Participants

Twenty-one professional soccer players (age, 28.27 £ 3.78 years; height, 181.23 & 7.08 cm;
body mass, 74.45 & 7.72 kg; BMI, 22.60 4 1.03 kg-m~2) of one team competing in the
Iranian Premier League were evaluated for 48 weeks during a full season. The inclusion
criterion for the participants was (i) at least 3 training sessions per week. The exclusion
criteria were (i) each player due to prolonged injury or a lack of participation in training for
at least 2 weeks were excluded, and (ii) goalkeepers were excluded from the study due to
differences in sports activity and variables used [39]. This research was conducted by the
training coaches of the club after setting with the relevant authorities and the head coach
in the club. Prior to commencing the study, it also received the approval of the research
ethics committee from the University of Mohaghegh Ardabili (1395.10.20; decision date:
9 January 2017). All players were informed of the purpose of the study and then signed the
informed consent. The study was carried out according to regulations on human studies in
the Helsinki Declaration.

2.3. Sample Size

We calculated the design’s power and sample size using the G-Power software (Uni-
versity of Dusseldorf, Dusseldorf, Germany) [42] with the following parameters: post hoc;
compute achieved power; F tests—ANOVA,; fixed effects, omnibus, one-way; number of
groups = 3; « err prob = 0.5, total sample size = 21 players, and based on the results of this
study, it has been considered the median of the effect size of between-group differences in
all dependent variables. The null hypothesis of no difference in variables in this study’s
results has a 95.9% (i.e., power is 1-3 err prob) likelihood of being appropriately rejected.

2.4. Monitoring External Load
2.4.1. GPS Receiver Specifications

All players’ activities in training sessions and matches were recorded with GPS (GP-
SPORTS systems Pty Ltd., Canberra, Australia, Figure 1). GPS-based tracking systems for
professional athletes, model SPI High Performance Unit (HPU), features include 15 Hz po-
sition GPS, distance, and speed measurement; accelerometer: 100 Hz, 16 G Tri-Axial-Track
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impacts, accelerations, and decelerations as well as data source BL; Mag: 50 Hz, Tri-Axial;
dimensions: smallest device on the market (74 mm x 42 mm X 16 mm); robustness; SPI
HPU and weight 56 g. Previous studies have shown that the GPS unit was tested for
having a very high accuracy demonstrated validity and inter-unit reliability (coefficient
of variation = 0.90%) [43—46]. Collecting data during training and matches sessions was
possible provided favorable weather and GPS satellite status.

Figure 1. Tracking systems in GPS devices.

2.4.2. Data Collection by Wearable Inertial Measurement Unit

For the pre-session, we placed upright tracking units in the pouch of the belt and then
checked that the green light (GPS tracking) and red light (heart-rate tracking) were flashing,
based on previous studies [47-50] (Figure 2).

Figure 2. Describes the situations in which the sensors are connected to the player body.
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For the post-session, tracking units were collecting from players; after making sure
each unit was working, we placed them on the docking station. Data units automatically
were downloaded into docking memory and then deleted from units to prepare for the
next session. After 10 min, units were turning off automatically (Figure 3).

Figure 3. Tools used in each training session and matches.

The information collected by the units’ tracker was automatically entered into the
portable computer by USB with the Team AMS (R1 2019.1). After turning on the portable
computer, we selected “download as indoor”, then clicked “Download all”. Afterward, we
put the clicking downloads all in Excel files. After this part, we removed all the data from
the docking memory (Figure 4). In this study, the Default Zone in the SPI IQ Absolutes
defined that the following variables were evaluated: (i) total distance in meters (TD);
(ii) sprint total distance in meters (STD); (iii) high-speed running distance in meters (HSRd),
(23-29 km-h~1); (iv) maximum speed (MaxSp; km-h~1); and (v) BL is calculated from the
accelerometer data of GPSports devices, which are obtained from a tri-axis accelerometer
(planes X,Y,Z) and are designed to reflect both the volume and intensity of accelerations
performed by players. The following stages were performed in the BL calculation for each
acceleration level: initialize the BL count to 0; calculate the magnitude of the acceleration
vector (V) for the current acceleration (V = ax2 + ay2 + az2); and normalize the magnitude
vector (NV) by subtracting a national 1 G (NV =V — 1.0 G). Following that, the unscaled BL
(USBL) was calculated using the formula USBLC = NV + [NV3] [51]; after that, the scaled BL
(SBLC) was computed using the accelerometer logging rate (100 HZ) and exercise factor (EF)
(SBLC = USBLC/100/EF); finally, the final BL (BL = BL + SBLC) was determined [52]. BL
had replaced the original GPSports. The BL variable also is an integrated loading variable
and is used as a training load marker and work rate marker, as well as as a criterion for
the training load. The final variables were (vi) number of repeated sprints (RS); (vii) ratio
between HSRd/TD; and (viii) the ratio between STD/TD in the full season.

2.4.3. Training Load
In this study, BL was used as the criterion for the training load. For calculating training
load parameters in order [51]:

1.  Equation wAW= sum of BL was total sessions which held on per week [18,53];
2. Equation wCW= 0.333 x (WAW in the previous 3 weeks), which is based on the
uncoupled formula; the CW was not computed for the first four weeks [54];
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3. Equation ACWR= wAW/0.333 x (WAW in the previous 3 weeks), based on the
uncoupled formula; the ACWR was not computed for the first four weeks [18,53];

4.  Equation wTM= average of wAW /standard deviation (SD), both in a similar week [55];

5. Equation wTS= wAW x wTM, both in a similar week [56];

6.  Ultimately, for other distances and sprints variables, calculations were from the weekly
in full season.

Figure 4. How to obtain the calculated information in each training session and matches.

2.5. Statistical Analysis

Statistical procedures and computations were conducted using SPSS (version 25.0;
IBM SPSS Inc, Chicago, IL, USA). Data are presented as mean and SD. The whole team
coefficient of variation (CV) for every derived-GPS parameter was also calculated. Shapiro—
Wilk and Levene’s tests were applied to check the normality and homogeneity of the data,
respectively. Then, inferential tests were executed. One-way ANOVA was applied to
analyse between-group differences in all dependent variables, followed by a Bonferroni
post hoc test to determine differences and the p-value in the pairwise comparisons. Cohen’s
d effect size (95% confidence interval) was also calculated using the SD. The Hopkins’
thresholds for the Cohen d effect size statistics were used as follows [57]: <0.2, trivial; >0.2,
small; >0.6, moderate; >1.2, large; >2.0, very large; and >4.0, nearly perfect (21). Significant
differences were considered for p < 0.05.

3. Results

Table 1 displays the information of the weekly averages for all derived-GPS variables
by playing position.

Table 1. Descriptive data of weekly average for all derived GPS variables by playing position.

Playing Frequency wNBL wTD wSTD wHSRd wRS

Position (Sessions wk—1) (AU) (m) (m) (m) (num)
LDW 547.24 (31.87) 23,764.21 (3024.59) 2053.02 (256.11) 340.35 (89.83) 72.89 (4.55)
CDF 526.43 (60.57) 21,809 (4391.51) 1831.06 (370.15) 271.55 (73.80) 65.80 (9.06)
MID 473.40 (96.46) 20,002.31 (5203.42) 1654.23 (508.09)  230.78 (114.12) 60.95 (14.43)

wTD, weekly total distance in meters; wSTD, weekly sprint total distance in meters; wHSRd, weekly high-speed
running distance in meters; wRS, weekly repeat sprint as number; wWNBL, weekly new body load; AU, arbitrary
units; LDW, lateral defenders and wingers; CDF, central defenders, and forwards; and MDF, midfielders.
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Figure 5 shows an overall vision of the wAW, wCW, and wACWR, variations across
the full season by playing position. Overall, the highest wAW occurred in weeks 27, 9,
and 5 for lateral defenders and wingers, central defenders and forwards, and midfielders,
respectively. The lowest wWAW happened in week 46 for the lateral defenders, wingers,
and midfielders, while central defenders and forwards showed the lowest wAW in week
30 (Figure 5A). Concerning wCW, the highest outcomes were observed in weeks 30, 11,
and 6 for lateral defenders and wingers, central defenders and forwards, and midfielders,
respectively. The lowest wCW were found in weeks 42, 48, and 26 for lateral defenders
and wingers, central defenders and forwards, and midfielders, respectively (Figure 5B).
Besides, the highest wACWR happened in weeks 27, 22, and 5 for lateral defenders and
wingers, central defenders and forwards, and midfielders, respectively. Coincidentally,
all player groups showed the lowest wACWR in week 30 (Figure 5C).

Figure 6 displays an overall vision of the wTM and wTS variations across the full
season by play position. The highest wITM occurred in weeks 2, 34, and 12 for lateral
defenders and wingers, central defenders and forwards, and midfielders, respectively,
while the lowest wTM were observed in weeks 29, 30, and 11 for lateral defenders and
wingers, central defenders and forwards, and midfielders, respectively (Figure 6A).
Coincidentally, the highest wTS happened in week 2 for all player groups. Moreover, the
lowest wTS were observed in week 46 for lateral defenders, wingers, central defenders,
and forwards, while midfielders showed the lowest wTS in week 29 (Figure 6B).

Between-group comparisons on wAW, wCW, wACWR, wTM, and wTS for the full
season were displays in Table 2. These comparisons were conducted using the full season
average for every dependent variable, which was calculated from the weekly average
of each one. No significant differences in any variables were found when compare the
different player groups.

Table 3 shows the between-group comparisons for the full season average derived-
GPS variables of distance and sprints, calculated from the weekly average of them.
Results revealed small to very largely significantly higher wSTDs in lateral defenders
and wingers compared to central defenders and forwards (p = 0.009; d = 1.63) and
midfielders (p = 0.034; d = 1.55). Similar findings were found in wHSRd comparing
lateral defenders and wingers with central defenders and forwards (p = 0.016; d = 1.48)
and midfielders (p = 0.011; d = 1.77). Lateral defenders and wingers also showed small
to very largely significantly higher wRSs compared to central defenders and forwards
(p=0.021; d = 1.47). Moreover, small to very largely significantly higher wSTD/wTDs
and wHSRd/wTDs were observed in lateral defenders and wingers compared to central
defenders and forwards (wSTD/wTD: p = 0.017; d = 1.76; wHSRd/wTD: p = 0.014;
d = 1.61). Similarly, lateral defenders and wingers also showed small to very largely
significantly greater wSTD/wTDs (p = 0.046; d = 1.79), but trivial to very large significant
higher wHSRd/wTDs compared to midfielders (p = 0.008; d = 1.21). No significant
differences were observed in any derived GPS variable when compared central defenders’
forwards and midfielders, neither for wTD nor wMaxSp in pairwise comparisons.
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Figure 5. Descriptive statistics of (A) acute workload (AW), (B) chronic workload (CW), (C) acute:
chronic workload ratio (ACWR), and their variations across the full season, considering the weekly
averages of body load. AU, arbitrary units; LDW, lateral defenders and wingers; CDEF, central
defenders and forwards; and MDF, midfielders.
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Figure 6. Descriptive statistics of (A) training monotony (TM), (B) training strain (TS), and their
variations across the full season, considering the weekly averages of body load. AU, arbitrary units;
LDW, lateral defenders and wingers; CDF, central defenders and forwards; and MDF, midfielders.
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Table 2. Between-group differences in the full season weekly average for workload variables, training

monotony, and training strain.

MEAN (SD) COMPARATIVE MEAN DIFFERENCE p Cohen’s d (95% CI) CV (%)
LDW: 88.02 (16.15) LDW vs. CDF 6.3 (—21.3 to 34.0) 1.000 0.26 (—0.76 to 1.28)
x;v::;\)l CDF: 81.68 (29.37) LDW vs. MDF —9.0(=37.91t019.9) 1.000 —0.62 (—1.70 to 0.47) 22.80
MDF: 97.01 (8.69) CDF vs. MDF —15.3 (—45.1t0 14.4) 0.571 —0.63 (—1.75 t0 0.48)
LDW: 88.25 (16.57) LDW vs. CDF 6.3 (—21.4 to 34.0) 1.000 0.25 (—0.77 to 1.27)
YACI.‘;\)] CDF: 81.95 (29.48) LDW vs. MDF —7.3(—36.2 to 21.6) 1.000 —0.50 (—1.58 to 0.57) 22.64
MDF: 95.55 (7.00) CDF vs. MDF —13.6 (—43.3to 16.1) 0.729 —0.57 (—1.68 to 0.54)
LDW: 1.05 (0.04) LDW vs. CDF 0.002 (—0.063 to 0.067) 1.000 0.01 (—1.00 to 1.02)
w&CL\I/)VR CDF: 1.05 (0.04) LDW vs. MDF —0.018 (—0.086 to 0.049) 1.000 —0.41 (—1.48 to 0.66) 4.38
MDF: 1.08 (0.07) CDF vs. MDF —0.020 (—0.090 to 0.049) 1.000 —0.40 (—1.51 t0 0.70)
LDW: 1.71 (0.18) LDW vs. CDF —0.008 (—0.508 to 0.493) 1.000 —0.03 (—1.04 to 0.99)
Yl;rll}/)[ CDF: 1.72 (0.51) LDW vs. MDF —0.015 (—0.537 to 0.508) 1.000 —0.06 (—1.12 to 1.00) 20.18
MDF: 1.73 (0.36) CDF vs. MDF —0.007 (—0.545 to 0.531) 1.000 —0.01 (—1.10 to 1.08)
LDW: 964.24 (220.24) LDW vs. CDF 110.7 (—205.3 to 426.6) 1.000 0.41 (—0.61 to 1.44)
:\1;'1;15) CDF: 853.55 (288.02) LDW vs. MDF —131.8 (—461.4 to 197.9) 0.917 —0.62 (—1.71 to 0.46) 24.88
MDF: 1095.99 (158.63) CDF vs. MDF —242.4 (—582.1 t0 97.2) 0.227 —0.95 (—2.10 to 0.20)
Note: AU, arbitrary units; wAW, weekly average acute workload in AU; wCW, weekly average chronic workload
in AU; wACWR, weekly average acute:chronic workload ratio in AU; wTM, weekly average training monotony
based on new body load in AU; wTS, weekly average training strain based on body load in AU; LDW), lateral
defenders and wingers; CDF, central defenders and forwards; and MDF, midfielders; p, p-value at alpha level 0.05;
Cohen'’s d (95% CI), Cohen’s d effect size magnitude with 95% confidence interval; CV, coefficient of variations for
overall team as percentage. Significant differences (p < 0.05) are highlighted in bold.
Table 3. Between-group differences for derived-GPS variables of distance and sprint in the full season.
MEAN (SD) COMPARATIVE MEAN DIFFERENCE p Cohen’s d (95% CI) CV (%)
LD(V;;;?;)ZSI LDW vs. CDF 2552 (—2548t0765.1)  0.610  0.58 (—0.45 to 1.62)
wTD (m) 3587.52]?51:(;7.56) LDW vs. MDF 177.3 (—354.8 to 709.5) 1.000 0.58 (—0.50 to 1.66) 10.03
MDEF: CDF vs. MDF —77.8 (—626.0 to 470.4) 1.000 —0.18 (—1.27 t0 0.92)
3665.16(246.22)
LDW: 351.36(39.64) LDW vs. CDF 79.1 (17.9 to 140.3) 0.009 1.63 (0.46 to 2.81)
WSTD (m) CDF: 272.29 (51.52) LDW vs. MDF 68.2 (4.3 t0 132.1) 0.034 1.55 (0.34 to 2.75) 18.47
Ml?fz 3%))17 CDF vs. MDF —10.9 (—76.7 to 54.9) 1.000 —0.21 (—1.31 t0 0.88)
LDW: 62.84 (13.81) LDW vs. CDF 23.2 (3.8 to 42.5) 0.016 1.48 (0.34 to 2.62)
wHSRd (m) CDF: 39.68 (15.73) LDW vs. MDF 25.4 (5.2 to 45.6) 0.011 1.77 (0.53 to 3.02) 37.63
MDF: 37.47 (12.59) CDF vs. MDF 2.2 (—18.6 to 23.0) 1.000 0.14 (—0.95 to 1.23)
LDW: 13.43 (3.11) LDW vs. CDF 3.8(0.5t07.1) 0.021 1.47 (0.32 to 2.61)
(m‘:lvnl:lfer) CDF: 9.60 (1.34) LDW vs. MDF 2.9 (—0.6 to 6.3) 0.125 0.95 (—0.17 to 2.06) 25.41
MDF: 10.55 (2.35) CDF vs. MDF —1.0(—4.5t02.6) 1.000 —0.47 (—1.58 t0 0.63)
LDW: 20.58 (1.99) LDW vs. CDF 0.8 (—2.2t0 3.8) 1.000 0.31 (—0.71 to 1.33)
(Vl"(rf‘ﬁ{’) CDF:19.77 (2.90)  LDW vs. MDF 1.8 (=22 to4.1) 0458  0.96 (—0.16 to 2.08) 11.03
MDF: 18.83 (1.15) CDF vs. MDF 09(—22to4.1) 1.000 0.38 (—0.72 to 1.49)
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Table 3. Cont.

MEAN (SD) COMPARATIVE MEAN DIFFERENCE p Cohen’s d (95% CI) CV (%)

LDW: 0.092 (0.010) LDW vs. CDF 0.005 (0.001 to 0.009) 0.017 1.76 (0.57 to 2.95)

wSTD/wTD CDF: 0.076 (0.008) LDW vs. MDF 0.006 (0.001 to 0.010) 0.046 1.79 (0.54 to 3.04) 31.92

MDF: 0.077 (0.012) CDF vs. MDF 0.001 (—0.004 to 0.005) 1.000 0.18 (—0.92 to 1.27)

LDW: 0.016 (0.003)  LDW vs. CDF 0.016 (0.003 to 0.030) 0.014 1.61 (0.44 to 2.78)

wHSRdA/wTD

CDF: 0.011 (0.003) LDW vs. MDF 0.014 (0.000 to 0.029) 0.008 1.21 (0.06 to 2.36)

14.82

MDF: 0.013 (0.004) CDF vs. MDF —0.002 (—0.016 to 0.013) 1.000 —0.16 (—1.25t0 0.93)

Note: wTID, weekly total distance in meters; wSTD, weekly sprint total distance in meters; wHSRd, weekly
high-speed running distance in meters; wRS, weekly repeat sprint as number; MaxSp, weekly maximum speed in
kilometers per hour; wHSRd/wTD, ratio between weekly high-speed running distance and weekly total distance;
wSTD/wTD, ratio between weekly sprint total distance and weekly total distance; LDW, lateral defenders and
wingers; CDEF, central defenders and forwards; and MDE, midfielders; p, p-value at alpha level 0.05; Cohen’s d
(95% CI), Cohen’s d effect size magnitude with 95% confidence interval; CV, coefficient of variations for overall
team as percentage. Significant differences (p < 0.05) are highlighted in bold.

4. Discussion

This study aimed to describe the external load variations according to playing positions
over the season and to compare these metrics across playing positions. The main results
were (i) no significant differences were found in wAW, wCW, wACWR, wTIM, and wTs
between playing positions; and (ii) higher values of wSTD, wHSRd, wRS, wSTD/sTD, and
wHSRd/wTD were observed in LDW compared to CDF and MDF positions. Overall, and
apart from short-term and even large variations, wAW and CW showed a marked decrease
pattern over the season (Figure 4), whereas the other metrics (WACWR, wTM, and wTS)
remained rather constant (Figures 4 and 5).

The current findings showed variations of acute and chronic load over the season.
Previous studies demonstrated similar training loads during the pre- and in-season peri-
ods [10,58,59]. However, similar studies observed higher workloads in the first- compared
to the end-season mesocycles [58]. The possible explanation of these differences can be at-
tributed to high physical training volume during the pre-season and high technical-tactical
training volume during the in-season [7,59]. There are also two other important considera-
tions in analyzing the performance of athletes with micro-technology sensors. The type of
equipment used inside the practice setting, such as Wearable Inertial Measurement Units
or Electronic Performance Tracking Systems, as well as these analyses, was only to discuss
the performance abilities of athletes and does not consider the tactical demands, which can
help to better understand the potential differences within variables between training and
competition. Additionally, 7 weeks were congested in this study (i.e., two or more matches
within 7 days). A previous study showed that most sessions during the congested fixture
are dedicated to players’ recovery, reducing the training load [60].

Regarding load variations, we found the highest values of wAW and wACWR for
LDW (week 27), CDF (week 9), and MDF (week 5). In contrast, we verified the lowest
values of WACRW during week 30 for all positions (i.e., recovery week during the team’s
half-season training camp in Turkey for the start of league competitions from week 31). This
week saw a reduction of training volume (i.e., week 30) in the team’s half-season training
camp in Turkey for recovery and the start of competitions of the league in the next week.
Additionally, we observed the highest wIM in weeks 2, 34, and 12 for LDW, CDEF, and
MDFE, respectively. Simultaneously, the highest wTS occurred in week 2 for all positions.
Our results are in line with previous research, showing high within- and between-week
variability in professional soccer [61]. Therefore, to optimal load management, coaches and
practitioners should prescribe loads (respecting the interval recovery) to enhance physical
fitness [62,63].

Despite ACWR having been questioned as a predictor of injury [29] due to the lack of
evidence to support its use in reducing injury risk while controlling training loads, there is
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no doubt about the need of knowing training load progression and variations throughout
time. Interestingly, training heterogeneity could contribute to differences between playing
positions and the variation of ACWR along the season since ACWR measures sensitivity to
distinct periods (i.e., congested or normal ones). Naturally, those variations and differences
may depend on the derived-GPS parameter considered. This idea is supported by the
outcomes presented into this manuscript that show coefficients of variations from 15 to 37%
in the different derived-GPS parameters assessed, being especially higher for parameters
referred to the high-intensity efforts or actions performed by players. It is well-known that
high-intensity demands differ between playing positions.

Curiously, we did not verify differences for the wAW, wCW, wTM, and wTS based on
the BL metric between playing positions. In contrast, a previous study reported greater
values of wAW and BL for the defenders (124.1 = 114.1 AU), midfielders (153.9 + 125.4 AU),
and forwards (107.5 & 60.3 AU) compared to our results [63]. The contrasting findings can
be explained by the different training tasks applied over the season [8]. Further studies,
including the training content, are warranted to clarify the workload doses throughout the
season, which will enable future comparisons between studies [64,65].

Here, wTD did not differ between playing positions over the season. We found lower
values of wTID (3.842 m-3.587 m; Table 3) compared to previous studies that reported
values of wID of ~4.500 m in Spain [22], ~5.000 m in the Netherlands, and ~7.000 m
in Portugal [66]. The possible explanation of the divergent results can be related to the
playing styles, coachs” decisions for designing drills, and competition demands across
leagues [67]. In addition, our results revealed greater values of wSTD, wHSRd, ratio
STD/TD, and HSRd/TD for LDW compared to CDF and MDE Martin-Garcia, Gémez Diaz,
Bradley, Morera, and Casamichana [22] also observed that wide positional roles presented
significant high-speed and sprint activities during the training and match sessions. These
specific positional physical demands may be related to the constant attack and defensive
functions during the training sessions as well as match-play [58]. Therefore, coaches must
be aware of the weekly workload demands for each playing position when prescribing
training microcycles over the season. This study provided ranges of values for different
external load variables for each positional role that can be used as a reference for other
teams (see Tables 1 and 2).

This study has some limitations that should be acknowledged. First, the described
external load variables were followed in one reference team. Second, there is a lack of
information in the present study regarding internal load metrics (e.g., heart rate). Therefore,
further studies should analyze the external and internal load for each positional role in
multiple teams and seasons in professional soccer. Third, other interpretations regarding the
status of the players could provide a deeper analysis (e.g., training load for starters (players
who start playing the matches) and non-starters (substitute players)). Finally, sample
size could be further increased to power all metrics” investigations more homogenously.
However, this study presented some strengths. We complement previous studies for in-
depth knowledge of the distance- and accelerometry-based variations over a full season.
Additionally, we have advanced in showing the external load demands for each playing
position in professional soccer. However, the lack of access to the type of training session
during the season can be another limitation for the present study, so we strongly recommend
that this be considered in future studies.

We argue that this can be future research, in which training load is organized based on
the type of exercises, and it would be possible to compare the impact of training design on
the ultimate load imposed.

5. Conclusions

We describe the weekly variations of training load by players’ positions over the
season in professional soccer players. In general, the findings demonstrated no differences
values of wAW, wCW, wACWR, wTM, and wTS based on BL between the LDW, CDF,
and MDF positions. In contrast, the LDW position presented higher wSTD, wHSRd, wRS,
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wSTD/wTD, and wHRSd/wTD compared to the CDF and MDF positions. According to
Buchheit and Simpson [68,69], accelerometer/inertial sensor metrics (viz., “level 3” ones)
provide more sensitivity to external load variables but not information on tactical demand.
Therefore, coaches and practitioners should be attentive to the investigated specific external
load demands here to prescribe more representative training tasks for each positional
role over the season, but preferably when considering standardized drills and/or small-
sided games rather than regular matches. Moreover, as practical implications, coaches
should consider that some measures may be more sensitive than others to training plan
variations, and this was found considering measures such as BL. Perhaps coaches should
consider identifying different measures, the impact of training specificities, and also playing
positions that can be more or less sensitive to some variables related to typical demands.
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