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Comparisons of external load variables
among periods, playing status, and
positions in professional soccer team:
A case study

Hadi Nobari1 , Amir Barjaste2, Alexandre Duarte Martins3,4,5 and
Rafael Oliveira3,4,5,6 [AQ: 5]

Abstract
The aims of this study were to compare weekly variations of training monotony (TM) and training strain (TS) among peri-
ods of the season, playing status and playing positions in professional soccer athletes. Nineteen male professional soccer
players were monitored daily over a 43-week period for their total distance, sprint distance ( . 23 km h21), acceleration
(Acc, . 4 m s22), and decelerations numbers (Dec, . 24 m s22). Players were divided in groups of 10 starters and 9
non-starters; and by three central defenders (CD), four wide defenders (WD), four central midfielders (CM), four wide
midfielders (WM), and four strikers (ST). Season data was divided in pre-, early-, mid-, and end-season. There were signifi-
cant differences for TM through sprint distance between playing positions in mid- and full-season. In mid-season, sprint
distance was meaningfully greater for CD than WD (p = 0.006; g = 1.74 [0.06, 3.95]), CM (p = 0.002; g = 2.04 [0.28, 4.46]),
WM (p = 0.005; g = 1.78 [0.09, 4.02]), and ST (p = 0.002; g = 2.05 [0.28, 4.46]). Regarding full-season, TM of sprint distance
was significantly greater for CD than WD (p = 0.031; g = 1.59 [20.04, 3.73]), CM (p = 0.011; g = 1.83 [0.13, 4.11]), and ST
(p = 0.023; g = 1.52 [20.10, 3.59]). The study revealed that TM and TS of sprint distance in mid-season was meaningfully
greater for CD than for WD, CM, WM, and ST. No differences between starters and non-starters were found.[AQ: 4]
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Introduction

One of the common practices in professional soccer is
the quantification of training load via measures of vol-
ume and intensity.1 Such quantification allows the opti-
mization management of the training process over the
in-season period.2 In this sense, global positioning sys-
tems (GPS), multi-camera tracking systems or inertial
sensor units can provide several objective measures
such as total distance covered, sprint distance covered,
acceleration, or decelerations.3 Those measures allow
the quantification of external load that is related to the
exercise demands or exercise mechanical work.4,5

As mentioned in the previous lines, there are differ-
ent external measures that can provide different infor-
mation on stimulus applied during training and
competition which allow the quantification of low,
moderate, and high intensity zones.1 For instance, the
measure of total distance provides insufficient
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information about intensity. Total distance is a measure
that describes volume of the session in terms of distance
covered. In this sense other measures such sprint dis-
tances, accelerations, and/or decelerations, which are
involved in the actions related to the decisive moments
of a soccer match,6–8 can determine the intensity of the
training process.1 However, these intense actions may
provoke neuromuscular fatigue, and a present a higher
risk of injury,9,10 thus their monitorization is warranted.

The monitorization of load could be performed
through the control of day-to-day and weekly varia-
tions over the season. Such control could be measured
through the training monotony (TM) and strain (TS)
indices. While TM is calculated to describe the load
variability within the week (based on the division of
daily mean load by the standard deviation), TS is calcu-
lated to describe TM multiplied by the accumulated
load of the full week.11

Recently, TM and TS indices have been used
through running distances10,12,13 and acceleration/
deceleration14–16 to understand the variations of these
indices based on playing statuses14–16 and playing posi-
tions14,17 over different periods of the season. Overall,
higher values were found in pre- and early-season peri-
ods.13,15,16 Considering players playing statuses, a gen-
eral tendency of higher values for TM and TS were
found for starters than non-starters,15,16 while Oliveira
et al. did not report such differences between starters
and non-starters.13 Regardless of playing positions, it
was found that wide defenders and wide midfielders
displayed higher TS of high-speed running distance and
number of sprints during the season compared to the
other positions.12 Another study found higher values
for central midfielders for TS of total distance when
compared with strikers. The same study also found
higher values for wide defenders for TM and TS of
high-speed running when compared with central defen-
ders in some mesocycles of the season, with no other
differences being found.17 In line with the previous
research,17 no differences were found for TM and TS
of high-intensity accelerations or decelerations.12

Furthermore, none of the previous studies analyzed
TM and TS calculated through sprint distance and
accelerometry based variables simultaneously. Such
analysis could provide more information considering
the different type of exercises performed during the sea-
son (e.g. small-sided games, large-sided games, or offi-
cial matches) which would contribute to a better
understanding of the day-to-day and weekly variations
over the season. Therefore, the aims of this study were
(i) to verify the weekly variations of training monotony
(TM) and training strain (TS) through total distance,
sprint distance, accelerations (Acc, . 4ms22), and decel-
erations (Dec, \ 4ms22)18 and (ii) compare among dif-
ferent periods of a professional soccer season (pre, early,
mid, and end-season), between player status (starters and
non-starters) and among playing positions (central defen-
ders (CD), wide defenders (WD), central midfielders
(CM), wide midfielders (WM), and strikers (ST)).

Methods

Participants

Nineteen elite male soccer players who participated in
the Iran Pro League took part in the present study.
Participants were divided according to their playing
status in two groups: starters (n=10, age 28.56 4.2
years, 1.836 0.05m, and 74.86 3.6 kg) and non-
starters (n=9, age 26.46 5.1 years, 1.76 0.06m, and
74.26 4.1 kg). Additionally, participants were divided
according to their playing positions: three CD, four
WD, four CM, four WM, and four ST.

The inclusion criterion was based on participation
ø 80% of the weekly training sessions.19 The exclusion
criteria was based on a lack of player information, ill-
ness/injury for two consecutive weeks12 or on being a
goalkeeper – due to the different training and match
demands related to this position.19

The criteria to define starters and non-starters was
adapted from previous studies that considered starters
as the players that accumulated ø 60% of the total play
time during official matches in the competitive season,
while non-starters were the remaining players.13,15,19,20

In our study, we implemented specific training ses-
sions on the day following Match Day 1 (MD + 1) and
Match Day 2 (MD + 2). It is common for starters to
undergo a reduction in training load during these ses-
sions. For non-starters, these MD + 1 and MD + 2
training sessions were strategically designed to expose
them to higher levels of high-speed running distance),
sprinting distances, accelerations, and decelerations. The
primary objective was to ensure that non-starters could
sustain their fitness levels and competitive readiness
despite not participating in the match on those specific
match days. In contrast, starters engaged in recovery ses-
sions on the respective days following matches.

The training sessions for non-starters comprised a
variety of exercises meticulously tailored to achieve the
targeted high-speed running distance and sprinting dis-
tances. These exercises encompassed activities such as
pursuing opponents and drills focused on goal-scoring.
As an illustration, players participated in drills where
they were required to sprint to take a shot on goal and
promptly transition to defending against the next
player attempting to score in the opposing goal. This
training approach enabled non-starters to accumulate
the requisite high-speed running distance and sprinting
distances during training sessions. Furthermore, our
training program for non-starters incorporated small-
sided games to attain prescribed acceleration and decel-
eration objectives. One notable exercise involved the
utilization of two squares and three teams. The team
that lost possession of the ball was immediately tasked
with pressing to regain it, while the team that recovered
the ball endeavoured to connect with the opposite
square. These exercises facilitated non-starters in reach-
ing their acceleration and deceleration targets and fos-
tered a competitive training environment.
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The present study was conducted according to the
requirements of the Declaration of Helsinki and was
approved by the University of Mohaghegh Ardabili
research ethics committee.

Experimental design

The present study is a descriptive-longitudinal
approach where the players were monitored for 43 con-
secutive weeks during the full season. The experimental
design was adapted from a previous study19 in which
all training sessions (n=229) conducted during the
main team sessions were considered and data from
rehabilitation or recuperation was excluded. The dura-
tion of the training sessions included the warm-up,
main, and cool-down phases, plus stretching. All train-
ing sessions were planned by the coach and technical
staff, and the researchers only standardized the first
and final 30min (i.e. before and after each training ses-
sion) for daily data collection purposes (i.e. all training
sessions and matches).

The study period included the beginning of the pre-
season (June 17, 2019) and lasted until the end of the
regular season (April 12, 2020). The season was orga-
nized into four periods: pre-season (Weeks 1–4); early-
season (Weeks 5–17); mid-season (Weeks 18–30); and
end-season (Weeks 30–43). It should be highlighted that
the league matches were cancelled between the 34th and
35th Weeks of the Iran Pro League (Persian Gulf Pro
League, is the top-tier professional soccer league in
Iran) due to the outbreak of the COVID-19 pandemic.

The number of competitive matches and total train-
ing time in minutes per week of the full season are pre-
sented in Figure 1.

External load monitoring

Following the same procedures of a previous study,19

during each session, players were monitored using a
15Hz global positioning system (GPSPORTS systems
Pty Ltd, Model: serial peripheral interface (SPI) High-
Performance Unit (HPU); Canberra, Australia) which
includes the following features: 15Hz location GPS;
acceleration: 100Hz; Mag: 50Hz, TriAxial; dimensions:
the smallest device on the market (74mm3 42mm3 16

mm); robust SPI HPU based on mining / industrial
strength electronic design; waterproof and data trans-
fer; infrared; weight 56 g. This device showed a high
validity and reliability.21,22 All procedures regarding the
use of this system were reported elsewhere.19

Based on previous research,23–25 the following vari-
ables were used and analyzed for the present study:
total distance, sprint distance (. 23kmh21), accelera-
tion number (Acc, . 4m s22), and decelerations num-
ber (Dec, . 24m s22). Total distance was used as a
general measure of load quantification that includes all
work performed by the athletes from low to high
intensity.

Calculation of training indices

Through total distance, sprint distance, Acc, and Dec,
the following variables were calculated: (i) 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);15,16 and (ii) TS (sum of the training
load for all training sessions during a week multiplied
by training monotony).15,16 All indices were presented
in arbitrary units (AU).

For a better clarity of both TM and TS calculations,
a higher TM value could mean that low standard devia-
tions (SD) could be associated with minor variations
during the week while a higher TS value could mean
higher load with minor variations during the week.26

Statistical analysis

All variables were presented in the results section as
mean6 SD. First, descriptive statistics were used to
describe and characterize the sample. The Shapiro–
Wilk (see Supplemental Material 1) and Levene tests (in
which for TMDec and TSDec in early season and for TS

TD for in end-season did not assume homogeneity) were
used to test the assumption of normality and homosce-
dasticity, respectively, while Mauchly’s test was used to
analyze sphericity assumption. In this way, results from
Mauchly’s test indicated that the assumption of spheri-
city had been violated, thus, the Greenhouse-Geisser
correction was applied.

Figure 1. Total duration per each week of the 43 weeks of the season.
Min: minutes.
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A repeated measures ANOVA was used with the
Bonferroni post hoc test once variables obtained nor-
mal distribution (Shapiro–Wilk . 0.05), and the
Wilcoxon and Mann–Whitney tests were used for vari-
ables that did not obtain normal distribution.

The effect sizes (ES) were expressed as partial eta-
squared values within repeated measures ANOVA
squared (hp

2; small ø 0.01, medium ø 0.06, and large
ø 0.14), and Hedge’s g was also calculated to deter-
mine the magnitude of pairwise comparisons. The fol-
lowing benchmarks were used: small (d= 0.2), medium

(d= 0.5), and large (d= 0.8).27,28 All data were ana-
lyzed using IBM SPSS Statistics (version 22, IBM
Corporation, SPSS Inc., Chicago, IL, USA).

Results

The Supplemental Material shows the normality results
for all variables. Figures 2 and 3 show an overall view
of the weekly average for TM and TS calculated
through total distance (A), sprint distance (B), Acc (C),
and Dec (D) across different periods of a professional

Figure 2. Weekly variations of training monotony (TM) through total distance (a), sprint distance (b), acceleration (Acc, c), and
deceleration (Dec, d) across different periods of a professional soccer season.
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soccer season (pre-season, early-season, mid-season,
and end-season).

Overall, Figure 2 shows that the highest TM through
total distance occurred during Week 32 (18.0 Arbitrary
Units (AU)), sprint distance occurred during Week 20
(5.1AU), and Acc and Dec occurred during Week 40
(2.8 and 2.4AU, respectively), while lowest value for
TM was found during Week 7 (2.3AU) through total
distance, during Week 16 (1.01AU) through sprint dis-
tance, during Week 3 (1.5AU) through Acc, and during
Week 5 (1.4AU) through Dec.

Figure 3 presents that the highest TS through total
distance occurred during Week 32 (25,7091.8AU),
sprint distance occurred during Week 43 (2337.5AU),
Acc occurred during Week 40 (85.6AU), and Dec
occurred during Week 39 (134.6AU). Meanwhile the
lowest value for TS through total distance was found
during Week 20 (53,714.8AU), sprint distance during
Week 16 (204.5AU), Acc during Week 10 (9.1AU),
and Dec during Week 33 (11.4AU).

Table 1 shows the differences between starters and
non-starters for TM and TS during the periods of the

Figure 3. Weekly variations of training strain (TS) through total distance (a), sprint distance (b), acceleration (Acc, c), and
deceleration (Dec, d) across different periods of a professional soccer season.

Nobari et al. 5



season: TMTD, F(2.074, 35.261)=0.364, p=0.705,
hp

2=0.021; TMSPRINT, F(1.424, 24.216)=2.605,
p=0.109, hp

2=0.133; TMAcc, F(2.104,
35.771)=0.046, p=0.961, hp

2=0.003; TMDec,
F(2.135, 36.294)=0.772; p=0.477, hp

2=0.043;
TSTD, F(2.370, 40.284)=0.372, p=0.727, hp

2=
0.021; TSSPRINT, F(1.802, 30.641)=0.715, p=0.484,
hp

2=0.040; TSAcc, F(1.154, 19.617)=0.176,
p=0.715, hp

2=0.010; and TSDec, F(1.255,
21.340)=0.268, p=0.663, hp

2=0.016.
Table 2 presents the differences between playing

positions during the periods of the season. No signifi-
cant differences were found for TM TD, F(8.074,
28.258)=1.267, p=0.299; hp

2=0.266; TMAcc,
F(9.302, 32.557)=0.894, p=0.544, hp

2=0.203;
TMDec, F(8.551, 29.928)=2.128; p=0.061, hp

2=
0.378; TSTD, F(9.433, 33.017)=0.764, p=0.655;
hp

2=0.179; TSSPRINT, F(6.487, 22.706)=0.647,
p=0.703, hp

2=0.156; TSAcc, F(4.618,
16.164)=0.862, p=0.520, hp

2=0.198; and TSDec,
F(4.839, 16.938)=0.629, p=0.675, hp

2=0.152.
However, a one-way ANOVA revealed that there were
statistically significant differences in TMSPRINT,
F(7.438, 26.034)=5.963, p \ 0.001, hp

2=0.630
between at least two groups. Thus, multiple compari-
sons revealed that in mid-season this measure was
meaningfully greater for CD than WD (p=0.006;
g=1.74 [0.06, 3.95]), CM (p=0.002; g=2.04 [0.28,
4.46]), WM (p=0.005; g=1.78 [0.09, 4.02]), and ST
(p=0.002; g=2.05 [0.28, 4.46]). Regarding full-sea-
son, TMSPRINT was significantly greater for CD than
WD (p=0.031; g=1.59 [20.04, 3.73]), CM
(p=0.011; g=1.83 [0.13, 4.11]), and ST (p=0.023;
g=1.52 [20.10, 3.59]).

In Table 2, it is also possible to see the differences
between the periods of the season (pre, early, mid, and

end-season), independently of the player status or the
playing positions. No significant difference was found
for TMDec (F(2.144, 38.596)=1.251, p=0.152, hp

2=
0.299); TMSPRINT (F(1.361, 24.490)=2.131,
p=0.152, hp

2=0.106); and for TMACC (F(2.103,
37.862)=1.402, p=0.259, hp

2=0.072).
Firstly, TMTD revealed significant differences

between at least two periods (F(2.080,
37.447)=11.260, p \ 0.001, hp

2=0.385). After this,
TMTD was meaningfully greater in early-season than
pre-season (p \ 0.001; g=22.26 [23.12, 21.46]);
greater in mid-season than pre-season (p \ 0.001;
g=21.32 [22.05, 20.63]); greater in full-season than
pre-season (p \ 0.001; g=21.89 [22.69, 21.14]);
greater in mid-season than early-season (p \ 0.001;
g=0.37 [20.26, 1.02]), greater in end-season than mid-
season (p \ 0.001; g=20.06 [20.70, 0.56]), greater in
mid-season than full-season (p \ 0.001; g=0.32
[20.31, 0.96]), and greater in end-season than full-
season (p \ 0.001; g=0.48 [20.15, 1.13]).

TSTD displayed significant differences between at
least two periods (F(2.374, 42.726)=99.317, p
\ 0.001, hp

2=0.847). In this sense, TSTD was mean-
ingfully greater in pre-season than mid-season (p
\ 0.001; g=6.22 [4.75, 7.94]); greater in pre-season
than full-season (p \ 0.001; g=1.31 [0.62, 2.03]);
greater in early-season than mid-season (p \ 0.001;
g=4.35 [3.23, 5.64]); greater in early-season than full-
season (p=0.001; g=0.74 [0.09, 1.41]); greater in end-
season than mid-season (p \ 0.001; g=24.09 [25.32,
23.01]); greater in full-season than mid-season (p
\ 0.001; g=25.54 [27.10, 24.21]); and greater in
end-season than full-season (p \ 0.001; g=1.17 [0.49,
1.88]).

TSSPRINT exhibited significant differences between at
least two periods (F(1.858, 33.439)=39.252, p \ 0.001,

Table 1. Differences between starters and non-starters during the periods of the season.

Measures Pre-season
(mean 6 SD)

Early-season
(mean 6 SD)

Mid-season
(mean 6 SD)

End-season
(mean 6 SD)

Full-season
(mean 6 SD)

TMTD (AU), ST 3.3 6 0.3 4.8 6 0.8 5.7 6 2.6§ 5.9 6 2.3§ 4.9 6 1.1§

TMTD (AU), NST 3.1 6 0.5 4.6 6 0.8 4.8 6 1.6 5.0 6 1.3 4.4 6 0.7
TMSPRINT (AU), ST 1.3 6 0.3§ 1.4 6 0.1 2.3 6 1.5§ 1.6 6 0.3§ 1.6 6 0.4§

TMSPRINT (AU), NST 1.5 6 0.5 1.5 6 0.2 1.5 6 0.2 1.7 6 0.3 1.5 6 0.1
TMAcc (AU), ST 1.8 6 0.3 1.8 6 0.3 1.8 6 0.1 2.0 6 0.5§ 1.9 6 0.2§

TMAcc (AU), NST 1.8 6 0.1 1.8 6 0.3 1.8 6 0.4 1.9 6 0.4 1.9 6 0.2
TMDec (AU), ST 2.0 6 0.3 1.8 6 0.2 1.8 6 0.2 1.8 6 0.2§ 1.9 6 0.2
TMDec (AU), NST 1.8 6 0.3 1.8 6 0.1 1.7 6 0.2 1.8 6 0.3 1.8 6 0.1
TSTD (AU), ST 101,554.5 6 16,129.9 101,662.1 6 21,237.8 29,987.3 6 6784.3 110,611.9 6 18,322.9 85,953.9 6 10,630.0
TSTD (AU), NST 101,446.5 6 14,550.6 90,163.3 6 19,513.8 25,023.0 6 6078.3 104,818.6 6 34,086.0 80,362.8 6 13,630.8
TSSPRINT (AU), ST 735.0 6 432.2§ 355.3 6 163.4 241.0 6 109.3 1234.8 6 430.7 641.5 6 202.4
TSSPRINT (AU), NST 994.0 6 380.0 488.0 6 187.7 214.7 6 73.6 1268.4 6 709.3 741.3 6 277.6
TSAcc (AU), ST 17.8 6 8.15 14.5 6 4.3 6.7 6 2.7§ 42.4 6 29.5§ 20.4 6 9.9§

TSAcc (AU), NST 21.3 6 10.0 14.9 6 5.7 7.5 6 2.7 48.1 6 25.4 23.0 6 9.6
TSDec (AU), ST 20.1 6 7.8 19.4 6 3.7 8.9 6 1.8 58.7 6 36.5§ 26.8 6 11.1
TSDec (AU), NST 29.2 6 14.5 24.8 6 9.0 10.5 6 2.2 69.0 6 24.6 33.4 6 6.9

TM: training monotony; TS: training strain; AU: arbitrary units; ST: starters; NST: non-starters; TD: total distance; SPRINT: sprint distance;

Acc: accelerations; Dec: decelerations.
§Performed by Mann–Whitney test.
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hp
2=0.686). Hence, TSSPRINT was significantly greater

in early-season than pre-season (p \ 0.001; g=1.33
[0.64, 2.06]); greater in mid-season than pre-season (p
\ 0.001; g=2.03 [1.27, 2.86]); greater in end-season
than pre-season (p=0.013; g=20.78 [21.44, 20.12]);
greater in pre-season than full-season (p=0.029;
g=0.48 [20.15, 1.13]); greater in mid-season than
early-season (p \ 0.001; g=1.28 [0.59, 2.00]); greater
in end-season than early-season (p \ 0.001; g=21.95
[22.76, 21.19]); greater in full-season than early-season
(p \ 0.001; g=21.24 [21.96, 20.56]); greater in mid-
season than end-season (p \ 0.001; g=22.48 [23.38,
21.66]); greater in mid-season than full-season (p
\ 0.001; g=22.48 [23.38, 21.66]); and greater in
end-season than full-season (p \ 0.001; g=1.27 [0.59,
1.99]).

TSAcc showed significant differences between at least
two periods (F(1.157, 20.827) =32.844, p \ 0.001,
hp

2=0.646). TSAcc was meaningfully greater in pre-
season than early-season (p=0.008; g=0.65 [0.01,
1.32]); greater in pre-season than mid-season (p
\ 0.001; g=1.86 [1.12, 2.66]); greater in end-season
than pre-season (p \ 0.001; g=21.25 [21.97,
20.57]); greater in early-season than mid-season (p
\ 0.001; g=1.91 [1.16, 2.72]); greater in full-season
than pre-season season (p \ 0.001; g=0.22 [20.41,
0.86]); greater in early-season than mid-season season
(p \ 0.001; g=1.90 [1.16, 2.71]); greater in end-season
than early-season (p \ 0.001; g=21.53 [22.29,
20.83]); greater in full-season than early-season
(p=0.001; g=20.89 [21.57, 20.23]); greater in end-
season than mid-season (p \ 0.001; g=21.94 [22.75,
21.19]); greater in full-season than mid-season (p
\ 0.001; g=22.02 [22.84, 21.26]); and greater in
end-season than full-season (p \ 0.001; g=1.13 [0.46,
1.84]).

Finally, the TSDec exhibited significant differences
between at least two periods (F(1.276, 22.799)
=39.553, p \ 0.001, hp

2=0.687). TSDec was signifi-
cantly greater in full-season than pre-season (p=0.027;
g=0.49 [20.14, 1.14]), greater in pre-season than mid-
season (p \ 0.001; g=1.66 [0.95, 2.44]); greater in
end-season than pre-season (p=0.002; g=21.63
[22.39, 20.91]); greater in early-season than mid-
season (p \ 0.001; g=2.31 [1.51, 3.18]); greater in
end-season than early-season (p \ 0.001; g=21.81
[22.61, 21.08]); greater in full-season than early-season
(p=0.030; g=20.91 [21.59, 20.26]); greater in end-
season than mid-season (p \ 0.001; g=22.40 [23.29,
21.59]); greater in full-season than mid-season (p
\ 0.001; g=22.82 [23.79, 21.96]); and greater in
end-season than full-season (p \ 0.001; g=1.43 [0.74,
2.17]).

Discussion

The aims of this study were to compare the weekly var-
iations of training monotony (TM) and training strainT
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(TS) through total distance and high intensity variables
(sprint distance, accelerations (Acc, . 4m s22), and
decelerations (Dec, \ 4m s22)) among periods of the
season, playing status and playing positions. The main
results showed that TMTD was significantly different in
all periods with only one exception between early-
season and end-season. The TMSPRINT was signifi-
cantly lower in pre-season than end-season and full-sea-
son. The TMAcc was also significantly lower in pre-
season than full-season. TSTD was significantly differ-
ent in all periods with three exceptions between pre-
season and early-season, between pre-season and end-
season and between early-season and end-season. TS
through sprint and ACC were significantly different in
all periods. Lastly, TSDec was significantly different in
all periods with only one exception between pre-season
and early-season. The second aim of this study was
focused on playing status comparison and showed no
significant differences between starters and non-star-
ters. The results of the present study also showed that
TM and TS of sprint distance in mid-season were mean-
ingfully greater for CD than the remaining positions.

The outcomes of the period’s comparisons may be
related to the number of matches and training sessions
performed in mid-season or the cumulative effects of
mental and physical fatigue owing to the multiplicity of
matches during the competition season. While some
studies26,29,30 have highlighted higher training loads in
pre-season due to a focus on improving physical condi-
tioning, the present data was in line with Clemente
et al. where the highest variation in TM was observed
in the end-season over the early-season throughout a
45-week macrocycle.12 In European elite players,
greater TS of high-speed running was also shown at the
end of the season.13 Concerning the pattern of the
graphs (Figures 2 and 3), TM and TS of sprint dis-
tance, Acc, and Dec also established a similar fluctuat-
ing pattern with total distance across the season with a
tendency to higher values in the mid and/or end-season.
For instance, higher values of TMSPRINT occurred on
Week 20 (5.05=AU), for Acc and Dec occurred on
Week 40 (2.79 and 2.44=AU, respectively) and higher
values of TSSPRINT occurred on Week 43
(2337.54=AU), for Acc occurred on Week 40
(85.60=AU), and for Dec occurred on Week 39
(134.56=AU). Overall, during pre- and mid-season,
little variation in TM and TS were observed between
mesocycles through total distance, sprint distance, Acc,
and Dec. Contrary to the present observations, there
were some studies15,30 that reported highest TM and
TS of distance-based indices in pre-season which is con-
sidered a crucial period to develop physical qualities to
meet the required level of physical demands during
match play through a higher training load.31 Other evi-
dence on TM and TS also revealed trivial effects on
soccer training performance and somewhat ambiguous
nature across the season32 which depends on distinctive
contextual factors.33

Some studies observed a fluctuating pattern between
mesocycles.12,17 This type of pattern may help to jus-
tify training load adjustments to reduce differences
according to the player status. The present research did
not observe a fluctuating pattern between mesocycles.
This pattern was evident only in the middle of end-
season and continued until the final week for TS of
sprint distance, Acc, and Dec (Figure 3). It might be
due to a better loading strategy in the end-season or
other contextual co-variables. A previous study con-
cluded that training load distribution throughout the
week varied considerably according to match-
contextual factors such as match location, results, and
opponent quality.33

With respect to variations of TM and TS between
playing status during different periods of season, no
significant differences were found between starters and
non-starters regarding total distance, sprint distance,
Acc, and Dec. Given that most coaching staff formu-
late appropriate loading strategies, it was confirmed
that all players experienced the same loads in training,
while match load only accounts for a small proportion
of overall load and did not contribute to significant
changes. In line with the results of the present study,
Oliveira et al. reported no significant differences for
TM and TS of total distance and high-speed running,
when players were grouped according to their playing
status as starters or non-starters.13 Considering that
some of these loading indices are sensitive to load fluc-
tuations, it is reasonable to expect participation, or lack
thereof, in soccer matches may influence the workload
measures. However, similar to results reported by
Oliveira et al.,13 distance-based measurements in the
present study may not be sensitive enough to perceive
probable playing status-related differences in monitor-
ing monotony and strain in training routines. Although
the present results did not show a statistically signifi-
cant difference here, depending on player status, it was
found that players had a different understanding of the
loads in different mesocycles across the season. This
finding was associated to the amount and type of play-
ers’ response to the training stimulus, which is different
for each training indicator.5 Inconsistent results were
also provided by a previous report,16 where TM and
TS from accelerometer-derived variables indicated
greater values for starters in comparison with their
non-starter peers. Non-starter players in the Chinese
Super League also experienced greater workloads than
starters or whole-match players.34 These contradictory
results come from the somewhat ambiguous nature of
monitoring training load which could be related to the
distinctive nature of contextual factors such as match
location, match results, and quality of opponents.33

Taken together, while it might be time-consuming, the
present data further underlined the need for appropri-
ate monitoring of individuals within a team environ-
ment and proposed that an individualized approach
may provide more noteworthy and practical informa-
tion regarding monitoring training load.

10 Proc IMechE Part P: J Sports Engineering and Technology 00(0)



With respect to variations of TM and TS through
total distance, sprint distance, Acc, and Dec between
playing positions across different periods of season,
there were only significant differences for TM through
sprint distance in mid-season. Among players, CD were
found to represent significantly less TM SPRINT than
any other playing positions. Significant differences
between playing positions in load measures are well
documented in previous studies.17,35,36 For example, a
more recent study by Oliveira et al. revealed that there
were significant differences of TM through high-speed
running in Mesocycle 3 (4weeks, 18 training sessions, 4
matches) between CD versus CM, and in Mesocycle 4
(4weeks, 18 training sessions, 5 matches) between CD
versus WM, WD versus CM, and WD versus ST, while
players in the present study incurred a more congested
calendar in Mesocycle 6 (4weeks, 20 training sessions,
8 matches).17 Interestingly, a difference was detected in
the mid-season where the highest number of training
sessions and matches (12weeks, 50 training sessions
and 17 matches) occurred during the season. Since TM
refers to the variation or sameness of the perceived
load,37 this result highlights that a lack of variety in
training regimen may occur in a congested (weeks with
more than one match) or less congested calendar for
players with different playing positions. Consequently,
the results of the present study are in line with others38

emphasizing the need for the intelligent use of rest days
and training variety for different playing positions to
avoid boredom and high monotony regardless of
whether or not a team’s calendar is full. The present
findings also revealed no meaningful differences for
TM of total distance, Acc and Dec, and TS. Similar
results were found in a recent study by Clemente
et al.12, which concluded that indices are not signifi-
cantly different from position to position. Divergent
results on indices concerning different playing positions
could exist, depending on distance covered in the train-
ing session or competitions, different intensity zones of
external measures and some contextual co-variables
that should be considered in future studies.

The present study has some limitations that should
be listed. The number of subjects included in this study
was small and it belonged to only one football team. In
addition, no measurements were made regarding the
injury rate, fatigue, recovery process and wellbeing of
the players; internal measures, such as rated perceived
exertion, were not considered in the present research.
Finally, previous research showed some validity and
reliability issues in the GPS model used.6 Therefore, all
data should be cautiously interpreted. Future research
should avoid the previous limitations to provide more
robust information about the indices used by the pres-
ent study. Moreover, it is suggested that internal mea-
sures be utilized to provide a broader view of the load
distribution of the players regarding playing status and
position. Lastly, and considering that no differences
were found between playing status, and only few were
found between playing position in TM and TS, we

suggest as a practical application for coaches and their
staff, the individual analysis (player by player) of such
indexes. Such analysis can also be considered in future
research.

Conclusion

The result of this study revealed that during pre- and
mid-season, there was little variation in TM and TS
between mesocycles for total distance and high intensity
variables. The findings emphasized the need for the
intelligent use of rest days and training variety for dif-
ferent playing positions to avoid boredom and high
monotony. In conclusion, the indices measured in the
present study may not be sensitive enough to determine
probable playing status and playing positions related
differences in monitoring monotony and strain. Further
investigations are needed to provide a deeper under-
standing of load monitorization with respect to the sen-
sitivity of other external and internal load measures to
compare the potential differences between periods,
playing status and positions.
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