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Figure 1. (a) Mean (SD) and weekly changes (%) in total distance over 23 weeks; (b) within-week total distance
variations; and (c) mean weekly acute and chronic total distance and ACWR for playing positions
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Figure 2. (a) Mean (SD) and weekly changes (%) in running distance over 23 weeks; (b) within-week running distance
variations; and (c) mean weekly acute and chronic running distance and ACWR for playing positions
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Figure 4. (a) Mean (SD) and weekly changes (%) in maximum speed distance over 23 weeks; (b) within-week
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for playing positions

Human Movement, Vol. 22, No 3, 2021 25

humanmovement.pl



HUMAN MOVEMENT

U. Hasan, R. Silva, F. Clemente, Weekly variations of biomechanical load variables in soccer

a
250.0 150
100
E 000 0
]
c 0
8
150.0 =
3 s &
2 -100 ©
@ 100.0 (9]
[ 1]
o] -150
(]
)
T 500 -200
-250
0.0 -300
mmm Defenders = Midfielders [JAttackers —=—% Defenders change —a-% Midfielders change --+-:% Attackers change
b
60.0
g 50.0
g
2 1 _
S 40,0 M M -
E -
2 1 . _
T 300 _ r _
= [ u =
F4 — —
<]
E
g 200
S
z
g 10.0
I I
AN NAN RN RAN U BUN NN NUR NAR AN AUR AN NEN REQ ORAR AAR MM
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23
Weeks
M Defenders Midfielders DO Attackers
C
— .“I ~ / = “ "‘\“
?103 )] '/1 02
ACWR 'dJ ACW ACW
124.4 ACUTE 103.46 ACUTE 117.22 ACUTE
121.0 CHRONIC 105.99 CHRONIC 114.89 CHRONIC
Defenders Midfielders Attackers

HAD - high accelerations distance, ACWR — acute:chronic workload ratio
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The highest weekly change in high-speed running
distance reached 81% (from week 21 to week 22), 73%
(from week 16 to week 17), and 90% (from week 20
to week 21) for the playing positions of defenders,
midfielders, and attackers, respectively. The lowest
change equalled -32% (from week 4 to week 5), -51%
(from week 17 to week 18), and -55% (from week 19 to
week 20) for the defenders, midfielders, and attackers,
respectively (Figure 3).

The within-week coefficient of variation was highest
in week 12 (42%), week 14 (55%), and week 5 (55%)
for the playing positions of defenders, midfielders, and
attackers, respectively. It was the lowest in week 18 (6%),
week 3 (16%), and week 21 (13%) for the defenders,
midfielders, and attackers, respectively.

The mean weekly acute and chronic high-speed
running distance reached 596.29, 606.13 for the de-
fenders, 554.19, 554.15 for the midfielders, and 604.21,
633.36 for the attackers. ACWR equalled 0.98, 1, and
0.95 for the playing positions of defenders, midfielders,
and attackers, respectively.

The highest weekly change in maximum speed dis-
tance reached 80% and 69% (from week 20 to week 21)
for the defenders and midfielders, respectively. Mean-
while, the attackers obtained 70% (from week 7 to
week 8). The lowest change equalled -59%, -55%, and
-47% (from week 19 to week 20) for the playing posi-
tions of defenders, midfielders, and attackers, respec-
tively (Figure 4).

The within-week coefficient of variation was highest
in week 21 (32%), week 13 (40%), and week 5 (48%)
for the playing positions of defenders, midfielders, and
attackers, respectively. It was the lowest in week 16
(3%), week 3 (9%), and week 21 (7%) for the defenders,
midfielders, and attackers, respectively.

The mean weekly acute and chronic maximum
speed distance reached 125.88, 121.79 for the defenders,
105.99, 105.02 for the midfielders, and 113.24, 112.15
for the attackers. ACWR equalled 1.03, 1, and 1 for
the playing positions of defenders, midfielders, and
attackers, respectively.

The highest weekly change in high accelerations
distance reached 87% (from week 20 to week 21), 77%
(from week 18 to week 19), and 91% (from week 16 to
week 17) for the playing positions of defenders, mid-
fielders, and attackers, respectively. The lowest change
equalled -54% and -51% (from week 19 to week 20)
for the positions of defenders and attackers, respective-
ly, and -52% (from week 17 to week 18) for the mid-
fielders (Figure 5).

The within-week coefficient of variation was highest
in week 20 (50%), week 13 (55%), and week 5 (55%)
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for the playing positions of defenders, midfielders, and
attackers, respectively. It was the lowest in week 5 (4%)
for the defenders, and in week 3 (15% and 20%) for
the midfielders and attackers, respectively.

The mean weekly acute and chronic high accelera-
tions distance reached 124.4, 121.0 for the defenders,
103.46, 105.99 for the midfielders, and 117.22, 114.89
for the attackers. ACWR equalled 1.03, 0.98, and 1.02
for the playing positions of defenders, midfielders, and
attackers, respectively.

The highest weekly change in training load reached
105%, 78%, and 107% (from week 7 to week 8) for the
defenders, midfielders, and attackers, respectively.
Meanwhile, the lowest of change equalled —-49% for
the defenders and -52% and -46% (from week 19 to
week 20) for the playing positions of midfielders and
attackers, respectively (Figure 6).

The within-week coefficient of variation was highest
in week 21 (33%), week 13 (44%), and week 4 (51%)
for the playing positions of defenders, midfielders, and
attackers, respectively. It was the lowest in week 2 (11%)
for the defenders and in week 3 (7% and 4%) for the
midfielders and attackers, respectively.

The mean weekly acute and chronic training load
reached 1910.6, 1748 4 for the defenders, 1769.0, 1692.9
for the midfielders, and 1748.2, 1696.0 for the at-
tackers. ACWR equalled 1.09, 1.04, and 1.03 for the
playing positions of defenders, midfielders, and at-
tackers, respectively.

The values of the mean, standard deviation, and
skewness of biomechanical load variables were found
to be dependent on the playing positions. The skew-
ness values ranged between -0.712 and 0.888 (Table 1).

The descriptive parameters for biomechanical load
variables for each playing position are presented in
Table 2. Significant ANOVA differences were found
among playing positions (p < 0.05) in all variables
except maximum speed and high accelerations dis-
tance, with moderate ES for differences in running
distance (d = 0.610) between the defenders and at-
tackers. Small ES was observed for differences in: (i)
total distance (d = 0.221) between the defenders and
midfielders; (ii) running distance (d = 0.506) between
the defenders and midfielders; (iii) sprinting distance
(d =0.241) between the defenders and attackers. The
slightest ES was noted for differences in: (i) total dis-
tance (d = 0.198) between the defenders and attackers;
(ii) sprinting distance (d = 0.134) between the mid-
fielders and attackers.

Superscripted letters indicate significant post-hoc
differences when compared with specific playing po-
sition.
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Table 1. Biomechanical load variables (mean * standard deviation and skewness) for playing positions

Biomechanics variables Playing positions Mean = SD Skewness
Defenders 5250.85 = 1456.76 0.11
Total distance (m) Midfielders 5586.74 + 1574.06 0.61
Attackers 5539.44 + 1455.39 0.89
Defenders 445.73 + 161.85 0.23
Running distance (m) Midfielders 545.92 + 222.50 0.45
Attackers 565.27 = 220.75 0.53
Defenders 125.48 + 67.81 0.35
High-speed running distance (m) Midfielders 132.97 £ 74.50 0.44
Attackers 143.11 + 77.14 0.55
Defenders 25.10 = 4.14 -0.62
Distance at maximum speed (m) Midfielders 25.07 + 3.53 -0.63
Attackers 25.35 + 4.04 -0.71
Defenders 24.92 + 10.30 0.17
Distance at high accelerations (m) Midfielders 25.46 £ 7.99 0.45
Attackers 25.92 £ 945 0.21

Table 2. Differences among playing positions for biomechanical load variables determined by analysis
of variance (ANOVA), with Scheffé post-hoc test differences and effect size for pair comparisons

ANOVA

Biomechanics variables
F(p)

Post hoc (effect size)

8.74 (< 0.001)
57.26 (< 0.001)
8.84 (< 0.001)
1.08 (0.34)
1.79 (0.168)

Total distance (m)

Running distance (m)
High-speed running distance (m)
Distance at maximum speed (m)
Distance at high accelerations (m)

D M A
M (0.221), * (0.198) P _A (0.031) DM
M (0.506), * (0.610) b _A (0.087) b M
“M (0.105), * (0.241) D, *(0.134) b M
“M (0.009), -A (0.063) D, -A (0.076) D, -M
“M (0.060), -A (0.102)  -D, -A (0.053) D, -M

D - defenders, M - midfielders, A - attackers, - stands for no significant differences

Discussion

The present study had four main purposes: (i) to
analyse the weekly variations in acute load measures
during a season; (ii) to analyse the variability of external
load measures within weeks; (iii) to analyse ACWRs
of players during the process; and (iv) to analyse dif-
ferences in external load measures between playing
positions. The external load measures of total distance,
running distance, high-speed running distance, dis-
tance at maximum speed, distance at high accelera-
tions, and players’ training load were monitored daily
over a full season. Weekly variations and ACWRs were
calculated for each training session.

Considering the first objective, it was found that
the highest week-by-week variation in total distance
was -56% (decrease in loading) and 115% (increase in
loading). Running distance varied from a peak drop
of -57% to a peak increase of 92%. High-speed run-

ning distance had a maximum weekly decrease of -55%
and a maximum increase of 90%. Maximal speed
distance varied from a peak decrease of -59% to a peak
increase of 80%. High accelerations distance varied
from a maximum decrease of -54% to a maximum
increase of 91%. Finally, the players’ training load
varied from a peak decrease of -52% to a peak in-
crease of 105%.

Considering the within-week variability of load (sec-
ond objective), we recorded peaks of the coefficient of
variation of 50% for total distance, 52% for running
distance, 55% for high-speed running distance, 48%
for maximal speed distance, 55% for high accelera-
tions distance, and 51% for players’ training load.

With reference to the third objective, mean ACWRs
for different players (i.e., defenders, midfielders, and
attackers) varied from 1.04 to 1.50 for total distance,
1.00 to 1.01 for running distance, 0.95 to 1.00 for
high-speed running distance, 1.00 to 1.03 for maxi-
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mal speed distance, 0.98 to 1.03 for high accelerations
distance, and 1.03 to 1.09 for players’ training loads.
Considering the differences in mean load between
playing positions, significant differences were found
for the majority of the variables, with the only exceptions
being maximal speed and high accelerations distance.

The analysis of the acute weekly loads imposed on
the players over the season implied greater values in the
first 4 weeks of the season (pre-season) than in the
following 3 weeks (weeks 5-7) by around 5000 m con-
sidering the overall distance covered during a week.
Similarly, running distance and high-speed running
distance also dropped by around 1000 and 100 m,
respectively. The larger amount of work imposed for
the different variables (mainly for those associated with
volume, such as total distance) during the pre-season
remains in line with some descriptions provided for
other contexts, which suggests that the period of the
season was more dedicated to accumulate load and
adjust the organism to the fundamental capacities re-
lated with aerobic capacity and resistant strength be-
fore submitting players to increases in intensity [28, 29].
After the end of the seventh week, the weekly loads were
raised again and were maintained across the majority
of the season, thus confirming previous works that
observed limited variations of loading between meso-
cycles or periods of training [30].

Descriptively, the mean of total distance across
the season was 5472.64 m per week, with a minimum
0f 1204.70 m in week 3 and a maximum of 9598.85 m
in week 8. The mean of running distance across the
season was 523.43 m per week, with a minimum of
200.57 m in week 5 and a maximum of 1221.71 m in
week 22. In turn, the mean of high-speed running
distance across the season was 134.29 m per week,
with a minimum of 20.02 m in week 23 and a maxi-
mum of 360.38 m in week 17. On the other hand, the
mean of maximum speed distance across the season
was 25.18 m per week, with a minimum of 15.63 m
in week 13 and a maximum of 31.97 m in week 9,
whilst the mean of high accelerations distance across
the season was 25.46 m per week, with a minimum
of 1 min week 3 and a maximum of 54 m in week 16.

Usually, during the pre-season (i.e., the first 4-5
weeks), per-week values vary from 40.000 to 47.000 m
for total distance covered, from 4.000 to 5.000 m for
running distance, and from 1.000 to 1.500 m for high-
speed running distance [31]. Other studies [21, 32]
reported values of total distance of approximately
40.000 m in the first 4 weeks, followed by a decrease
to approximately 35.000 m. This is in line with our
study, which revealed a drop of ca. 5000 m from the
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fourth week of the pre-season. In relation to running
distances and high-speed running distances during
the in-season period, other studies [33, 34] showed
values of approximately 6.000-7.000 m and 1.500-
2.000 m per week of training. Those values are slightly
higher than those found in our study (i.e., ca. 3.000-
4.000 m for running speed distance and ca. 1.000-
1.200 m for high-speed running distance).

Regarding the variability of external load measures
within weeks, a lower mean coefficient of variation
(of ca. 23% and ca. 22%) was observed for the first and
second weeks of the season for total distance covered,
with more evident decreases (of ca. 10% and ca. 16%)
in the third and twenty second weeks, respectively.
For running distances, lower coefficients of variation
(of ca. 13% and ca. 19%) were found in the third and
twenty second weeks, respectively. For high-speed run-
ning, maximal speed, and high accelerations distance,
a lower coefficient of variation was noted in the third
week (ca. 18%, ca. 7%, and ca. 15%) and in the twenty
second week (ca. 19%, ca. 12%, and ca. 22%). On the
other hand, for player load, lower coefficients of vari-
ation were found in the third (ca. 6%), ninth (ca. 17%),
and fifteenth (ca. 16%) weeks. Greater coefficients of
variation values were indicated in the fourth week
(ca. 33%, ca. 37%) and the fifth week (ca. 38%, ca. 35%)
for maximal speed distance and player load. However,
all load measures remained consistent during the
season.

The lower coefficient of variation values observed
in the first weeks of the season show that during the
pre-season, the training load undergoes limited changes
within weeks, suggesting that the load may not be as
linear as expected during the in-season period [21, 31].
Therefore, coaches and practitioners should consider
the variability of the loads imposed on their athletes
in order to pursue the training principles of progressive
overload [35]. At the same time, coaches should also
be aware of the progression principle, through which
spike changes in weekly loads may lead to injuries,
thus suggesting a weekly change of approximately 10%
as a guideline [36]. Moreover, unceasing heavy training
characteristics of greater monotony training values
may lead to the risk of negative adaptations. Thus, it has
been suggested to intersperse heavy days with easy
days to impede overtraining [37].

However, the greater coefficient of variation values
found in this study during the in-season period are in
line with the results reported by Kelly et al. [30], who
reported that the fluctuations in the internal and ex-
ternal load were more prominent within weeks. This
variability was not observed between weeks, though,
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which means that it can be attributed to the periodiza-
tion and taper strategies for promoting recovery within
weekly microcycles. However, in one study [21], the
within-week training load variables during the in-sea-
son period showed limited variation, revealing a high
monotonous training status, which contrasts with the
results of the present study. The present study revealed
a lower coefficient of variation of the external load
measures only in the first weeks of the season. After
that, relatively consistent values of variation during
the in-season period were observed, which corrobo-
rates previous studies [17, 30, 38]. A controlled vari-
ability, indeed, is positive because it promotes training
adaptations and helps avoid monotony with the recov-
ery strategies implemented within microcycles given
their fluctuating nature.

The analysis of the ACWR of the players during the
process revealed that the values varied in all external
measures between positions. The defenders presented
higher values of load (acute: 1910.6; chronic: 1748.4)
in relation to the midfielders (acute: 1769; chronic:
1692.9) and the attackers (acute: 1748.2; chronic: 1696)
over the 23 analysed weeks. Descriptively, the defend-
ers presented higher values of ACWR for total distance
(1.05), maximal speed distance (1.03), high accelera-
tions distance (1.03), and player load (1.09). The mid-
fielders and attackers presented the same values for
total distance (1.04), running distance (1.01), and maxi-
mal speed distance (1.00). Meanwhile, the midfielders
presented higher values for high-speed running dis-
tance (1.00) than the attackers (0.95) and defenders
(0.98). Although the midfielders showed greater high-
speed running distance values, this position was related
to lower high accelerations distance (0.98) when com-
pared with the defenders (1.03) and attackers (1.02).

From an injury prevention perspective, a relation-
ship between ACWRSs and injury risk has been dem-
onstrated [19, 20, 25, 39, 40]. This implies the need
to know more details about what may happen during
a soccer season, for instance, what differences teams
may expect in ACWR between positions throughout the
season. Considering the workload imposed in 1 week of
training relative to the average of 4 weekly workloads,
Malone et al. [19] found associations between weekly
workload, week-to-week workload changes, and in-
jury risk over the season. A higher risk of injury occur-
rence was observed during the pre-season phase, when
the weekly workloads were higher (2984 + 625 AU)
than those in the in-season (2441 = 215 AU). This
suggests that an ACWR of 1.00-1.25 is prophylactic
in relation to the risk of injury, both in the pre-season
and in-season periods. This is in line with our results,

which revealed an overall ACWR of 0.95-1.09 over
23 weeks for all measures, considering that the weekly
workloads were maintained within the ‘sweet spot’
zone of 0.8-1.3 [25].

Notwithstanding the aforementioned research, there
is still a lack of findings regarding the profiles of
ACWRs imposed on professional players in accordance
with their positional roles during a soccer season. This
is especially true if one considers different external load
measures, which can be relevant in comprising the
dynamics of a professional team. Thus, to the best of
our knowledge, this is the first study to analyse the po-
sitional differences related to acute:chronic workload
profiles during a season.

In analysing the differences in external load be-
tween playing positions, limited differences were found
between positions within weeks for total distances.
However, the defenders covered smaller total distances
than the midfielders with an ES of small difference
(d = 0.221) and attackers with a slight difference (d =
0.198). Also, a greater peak coefficient of variation was
noted in the midfielders (48%) and attackers (50%)
for total distance covered, and these positions main-
tained higher values than the defenders throughout
the season.

Moderate ES differences in running distance were
found between the defenders and attackers (d = 0.610),
and small differences were detected between the de-
fenders and midfielders (d = 0.506), with the attackers
covering greater distances in running speed and dis-
playing a greater peak coefficient of variation in week
10 (53%). However, the midfielders showed a greater
coefficient of variation within and between weeks
throughout the season in comparison with the de-
fenders and midfielders.

Regarding high-speed running distance, small dif-
ferences were found between the defenders and at-
tackers (d = 0.241), and a slight difference was observed
between the midfielders and attackers (d = 0.134).
A greater mean coefficient of variance was noted in
the midfielders and attackers (peaks of 55% were re-
corded for both positions) than in the defenders through-
out the season. Although significant differences were
indicated for the majority of the analysed variables,
no difference was found for maximal speed or high
accelerations distance between positions.

These results are in line with other studies [30, 41],
where limited positional differences were observed for
total distances within weeks. In these studies, defenders
covered greater total distances with lower within-week
coefficient of variance values than midfielders and
attackers. In contrast, in a study by Kelly et al. [30],
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attackers covered greater total distances than de-
fenders, reaching distances of approximately 1387 m.
By comparison, the present study shows that the de-
fenders reached a difference of approximately 1289 m
in relation to the attackers and approximately 2279 m
in relation to the midfielders. With reference to running
speed and high-speed running distance, our study
revealed that the defenders covered less distance than
the midfielders and attackers, which is concurrent
with other studies [21, 42].

Regarding the limited variations in external load
between the first 4 weeks of the pre-season and during
the in-season period, the differences observed between
positions within weeks in the present study were evi-
dent, as was also reported by Malone et al. [21]. This
finding supports the variability existing between dif-
ferent player roles in each microcycle, which can be
attributed to the unpredictable, dynamic, and complex
nature of soccer, as well as to the ideologies of coaches
and their wisdom regarding strategies for promoting
training adaptations within their teams [41, 43].

This study contained some limitations. First, the
sample was limited to 1 elite soccer team. Another limi-
tation was that we considered only external load
measures and did not involve internal load measures
(e.g., s-RPE and heartrate). Finally, owing to the limited
number of players, this study only grouped partici-
pants into defenders, midfielders, and attackers. Fu-
ture studies should comprise a larger sample (more
teams), as well as include internal load measures and
more playing positions.

Despite the limitations of the present study, to the
best of our knowledge, this is the first research work
to present ACWR profiles of various external measures
and the differences among playing positions. Thus,
the study provides useful information relating to the
training loads of an elite soccer team from the First Por-
tuguese League (Europe) throughout a season. This
work also demonstrates ACWR differences between
playing positions for various measures that can be
extracted from GPS devices, thus providing some de-
scriptive values that can help coaches to understand
the typical values in this type of population.

Some practical implications may arise from the
study. One of them is the need to properly monitor the
training load by positioning, namely considering the
individual need with regard to the workload in a match.
Possibly, an increase in the individualization of train-
ing may also benefit the control of load management.
Moreover, bearing in mind the inter-week variability, it
is recommended to identify specific monitoring pro-
cedures that may help coaches to manage the load in
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a progressive way, aiming to decrease the huge vari-
ability between weeks that may expose players to high-
er injury risks.

Conclusions

This study described weekly variations of acute
external load measures during a soccer season. The
results revealed that the variables associated with vol-
ume were greater during the pre-season than during
the season. Considering the variability of external load
measures within weeks, the overall results indicated
a lower coefficient of variation for the external meas-
ures in the pre-season when compared with the in-
season phase. As for the players’ ACWR, it was pos-
tulated that the defenders presented higher values of
ACWR than the midfielders and attackers. Finally, it
was implied that the attackers covered greater running
distances and exhibited more high-speed running
than the defenders and midfielders, though no differ-
ences were found between positions for maximal speed
or high accelerations distances.
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