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Purpose: To investigate the strengths and limitations of different indicators to measure physical load. Furthermore, indicators
were evaluated for discrimination between performance levels and playing positions. Methods: Ninety positional match files
from 70 elite players and 91 match files from 69 subelite players were collected during 14 official under-18 matches using a local
position measurement system. Indicators are calculated from speed, absolute acceleration (acc-abs), or percentage acceleration
(acc-%). The acc-% describes the level of acceleration depending on the maximal voluntary acceleration (amax) for each initial
running speed. Effect sizes (ES) were used to determine discriminative ability. Results: The number of high accelerations
largely depended on the method (absolute threshold [>3 m·s−2 and >4 m·s−2] 120 and 59 efforts; high percentage threshold [>75% amax]
84 efforts). Only a small number of highly accelerated efforts reached speeds considered high-speed running (>19.8 km·h−1:
32.6%). More high acc-% exists from initial running speed >2 m·s−1 (23.0) compared with acc-abs (>3 m·s−2 14.4, >4 m·s−2 5.9).
Elite players achieve higher values in most performance indicators, with ES being highest for the number of high
acc-% (ES = 0.91) and high acc-abs (>3 m·s−2 ES = 0.86, >4 m·s−2 ES = 0.87), as well as for covered distance in jogging
(ES = 0.94). Conclusions: Estimated physical load, discriminative ability of physical indicators, and positional require-
ments largely depend on the applied method. A combination of speed-based and acc-% methods is recommended to get a
comprehensive view.
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The primary purpose for monitoring physical load in soccer is
to provide information to practitioners to optimize physical per-
formance and to minimize the risk of injury.1–3 To estimate the
physical load, different performance indicators are used. Tradi-
tional indicators usually encompass the distance a player covered in
different speed zones.4 However, several studies have pointed out
that speed-based indicators do not reveal the complete picture of
physical load in soccer.5–11 Due to the fact that efforts with high
accelerations requires a greater amount of energy and a higher
muscular demand than constant-speed efforts10; the physical load is
underestimated with speed-based methods. Therefore, a growing
number of intermittent team sports research integrated accelera-
tion-based indicators taking into account all efforts with accelera-
tions above a given absolute threshold (eg, >3.0 m·s−2).5,9,11–14

However, this approach does not consider the fact that the maxi-
mum possible acceleration progressively decreases with increasing
initial running speeds.15 Therefore, using absolute acceleration
(acc-abs) thresholds underestimate the energetic and muscular
loads when efforts start from an already relatively high initial
running speed (eg, >14.4 km·h−1). A recently introduced approach
tried to solve this problem.15 The percentage acceleration (acc-%)
method classifies the intensity of the effort based on the ratio of the
actual measured acceleration of the specific effort and the maxi-
mum voluntary acceleration that is possible from this initial
running speed. The maximum voluntary acceleration from differ-
ent initial running speeds can be calculated from an isolated
maximal sprint test. Compared with the acc-abs method, which

used generic (and often arbitrary) values across all players, either
individual or team-specific maximal values are used to calculate the
acc-% thresholds. Hence, the acc-% method offers a more precise
estimation of the level of the acceleration and therefore of the
physical load. However, so far, this method was only validated in
experimental setups but was not tested during real soccer matches.
Therefore, the first aim of this study was to show the differences in
load estimation when measuring physical load during matches
using acc-abs9,12,13 and acc-% methods,15 as well as the traditional
speed-based approach.16,17

The second aim of the study was to evaluate the discriminative
ability of different physical indicators derived from speed-based,
acc-abs, and acc-% methods. Because of the complex nature of
soccer, measuring the influence of a single performance indicator to
the overall match performance is impossible. Instead, the strength
of the discrimination ability of performance indicators between
players of different performance levels or different playing posi-
tions can be indirectly used to determine the relevance of an
indicator.18 To date, the importance of the different aspects of
physical performance for success in soccer has not been clearly
revealed yet.19–23 Furthermore, acceleration-based methods have
not been used—to our knowledge—when comparing players of
different performance levels. Therefore, the discriminative ability
of different speed- and acceleration-based indicators was deter-
mined by comparing under-18 (U18) youth soccer players of 2
different performance levels and different field positions.

Methods
Participants

Seventy elite junior players at the highest U18 level (mean [SD]):
age, 17.0 (0.6) years; height, 178.1 (6.3) cm; body mass, 70.9
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(7.6) kg; training volume, and 9.6 (2.0) hours per week and 69 sub-
elite junior players of the second-highest U18 level: age, 17.9 (0.9)
years; height, 176.4 (5.2) cm; body mass, 70.1 (6.5) kg; training
volume, and 4.5 (1.2) hours per week participated in the study.
Ninety match files from elite junior players (20 participants with 2
match files and 50 participants with 1 match file) and 91 match files
from sub-elite junior players (22 participants with 2 match files and
47 participants with 1 match file) were collected.

Only match files from players who completed the entire match
were included in the study. For comparisons between the playing
positions, only match files from elite field players were included.
They were analyzed and categorized according to Di Salvo et al21

into the following positions: central defenders (CD; n = 15, 22
match files), wide defenders (WD; n = 18, 24 match files), central
midfielders (CM; n = 17, 21 match files), wide midfielders (WM;
n = 7, 8 match files), and attackers (A; n = 13, 15 match files). The
players were free from injury and illness. The study protocol was in
accordance with the Declaration of Helsinki and was approved by
the institutional review board of the Swiss Federal Institute of Sport
Magglingen.

Championship Matches

Fourteen official championship matches of the highest (n = 7)
and second-highest (n = 7) national U18 championship level in
Switzerland were analyzed using positional data. Fourteen differ-
ent teams participated in the study. For the purpose of this study, all
matches were played on the same pitch on artificial turf with the
same measurement system. The weather was dry and windless,
with temperatures of approximately 20°C. Before the matches,
players completed a 25-minute warm-up and 4 maximal sprints to
evaluate maximal acceleration from different initial running speeds
(see below).

Measurement System

Positional data were measured using a local position measurement
(LPM) system (inmotiotec GmbH, Regau, Austria). The LPM
system records data with a sampling frequency of 1000 Hz divided
by the number of players. Therefore, the temporal resolution was
approximately 45 Hz. The LPM accuracy depends on the type of
movement (eg, linear or multidirectional) and on the type of
indicator (eg, average or peak values).24 The coefficient of variation
in mean speed is between 1.4% and 3.9%25 and the averaged
absolute bias for peak speed 0.03 (0.72) km·h−1 and for peak
acceleration 0.48 (1.27) m·s−2.24

Measurement Methods

Three different methods were used to estimate physical load.
The speed-based method determined the distance covered in

different speed zones. In this study, the following 6 speed zones
were used, according to Rampinini et al16 and Bradley et al17:
standing, 0.0 to 0.7 km·h−1; walking, >0.7 to 7.2 km·h−1; jogging,
>7.2 to 14.4 km·h−1; running, >14.4 to 19.8 km·h−1; high-speed
running, >19.8 to 25.2 km·h−1; and sprinting, >25.2 km·h−1.

The acc-abs method classified the intensity of the effort based
on the maximum acc-abs reached. The indicators show the number
of efforts with accelerations above a certain absolute threshold.
Acceleration thresholds and the terminology of the classifications
were chosen according to previous publications11,14: low accelera-
tion (>1–2 m·s−2), moderate acceleration (>2–3 m·s−2), and high
acceleration (>3 m·s−2) (acc-3). Bradley et al13 described efforts

with accelerations >4 m·s−2 as efforts with high accelerations
(acc-4); therefore, a second threshold for high acceleration was
also considered.

The acc-% method15 classified the intensity of an effort based
on the ratio of the actual measured acceleration of this specific
effort and the maximum voluntary acceleration (amax) that was
possible from this initial running speed (vinit). To determine the vinit

of an effort in as complex a situation as a soccer match, we
implemented the method of Sonderegger et al15 and defined vinit

as the speed when an effort starts, meaning when the acceleration
turns positive. The actual measured acceleration considered the
entire locomotor action, and the maximal acceleration value of this
specific action (amax,action) was extracted. By contrast, the amax was
determined in a sprint test conducted prior to the matches. The
sprint test includes 4 maximal sprints over 50 m.15 The first sprint
was performed from a standing start, whereas subsequent sprints
were performed out of 1 of 3 constant initial running speeds (6.0,
10.8, and 15 km·h−1). Recovery time between each sprint was
3 minutes. Knowing the vinit and the corresponding amax of the 4
sprints allowed determination of a group-specific regression equa-
tion. Thus, amax can be identified for any vinit and therefore the
percentage of amax can be calculated for each single effort in soccer
matches. The resulting acc-% indicators show the number of efforts
with accelerations higher than a certain percentage threshold.
Thresholds were set as follows: very low (<25% amax), low
(<50% amax), moderate (<75% amax), and high (≥75% amax).

Indicators extracted with the acc-abs and the acc-% methods
are further separated, depending on the vinit, into efforts initiated
from running speeds 0−1, >1−2, >2−3, >3−4, and >4 m·s−1. This
approach—based on Varley and Aughey26—shows differences in
number of efforts with high accelerations initiated within the
different speed bands dependent on the used method.

To categorize efforts according to the level of acceleration,
each single efforts must be recognized. The method used to detect
the efforts and the filtering technique adopted can strongly influ-
ence the number of recognized efforts.27 In this study, the high-
frequency part of the acceleration signal (=noise) was removed
using a Butterworth low-pass filter (order 5) with a frequency
cutoff of 0.02. The start of an effort was defined when acceleration
turned from negative (deceleration) to positive, and the end of an
effort was set when the maximum speed was reached (ie, when the
acceleration became 0). Subsequently, further efforts were consid-
ered as irrelevant and removed if the maximal speed did not exceed
1.2 m·s−1 or the total speed increase of the effort (vmax − vinit) was
smaller than 0.9 m·s−1. These thresholds helped to ensure that only
meaningful efforts were integrated into the data analysis (following
the advice of Varley et al27). Due to large variation of a single-peak
acceleration using the LPM system, Stevens et al24 propose to use
the number of actions above a certain threshold (eg, >4 m·s−2)
during longer periods of play instead of the exact absolute value of
peak acceleration. Thresholds are used in both the acc-abs and the
acc-% methods.

Statistical Analysis

All data were reported as means (90% confidence interval). The
ability of an indicator to discriminate between elite and sub-elite
players was quantified using pooled Cohen’s effect sizes (ES) (90%
confidence interval).28 In addition, differences between junior elite
and sub-elite players were analyzed using an independent t test. To
detect positional differences, elite junior players were separated
according to their position. The ability of an indicator to
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discriminate between positions was also quantified using pooled
Cohen’s ES (90% confidence interval).28 Furthermore, differences
between playing positions were analyzed using a 1-way analysis of
variance and Tukey’s post hoc tests. The absolute ES of <0.2, <0.6,
<1.2, <2.0, and <4.0 were used to represent trivial, small, moderate,
large, and very large differences, respectively, between elite and
sub-elite players.29 Statistical significance was set at P < .05.
Statistical analyses were performed using SPSS (version 22.0
for Windows; SPSS Inc, Chicago, IL).

Results
Comparison of the 3 Methods

The total number of high accelerations depended on the selected
method (Figure 1). With the acc-% method (accelerations ≥ 75%
amax), 83.7 (80.1; 87.3) highly accelerated efforts per player were
detected, whereas with acc-3, 119.2 (115.1; 123.2) efforts and with
acc-4, 58.7 (56.0; 61.4) efforts per player were recorded. Further-
more, the number of efforts with a high acceleration and initial
running speed from 0 to 1 m·s−1 was more than twice as high with
acc-3 (63.4 [61.2; 65.6]) than with acc-4 (30.7 [29.1; 32.3]) or with
high acc-% (29.7 [28.1; 31.2]). Only 35.5% (34.3%; 36.6%) of all
efforts with high acc-% started with running speeds from 0 to
1 m·s−1, whereas 53.2% (52.2%; 54.2%) and 52.3% (51.1%;
53.6%) of all efforts with acc-3 and acc-4 started with running
speeds from 0 to 1 m·s−1.

Noticeably more efforts were recognized as high accelerations
with initial running speed >2 m·s−1 when the acc-% method was
used instead of the acc-abs method. 23.0 (21.8; 24.3) efforts with
high acc-% had initial running speeds >2 m·s−1 (27.5% [26.4%;
28.5%] of all high acc-%), whereas only 14.4 (13.5;15.4) efforts
(12.1% [11.5%; 12.7%] of all acc-3) and only 5.9 (5.5; 6.4) efforts
(10.1% [9.5%; 10.8%] of all acc-4) were recognized with acc-3 and
acc-4, respectively.

For each of the 3 classification methods, the majority of high
acceleration efforts did not obtain high running speeds. For high
acc-%, 56.3 (53.3; 59.3) efforts (67.1% [65.3%; 68.8%] of all
high acc-%) did not reach 19.8 km·h−1, whereas 90.9 (87.1; 94.8)
efforts with acc-3 (76.1% [74.6%; 77.5%] of all acc-3) and 43.2
(40.8; 45.6) efforts with acc-4 (73.4% [71.6%; 75.2%] of all acc-4)
did not obtain the high-speed running threshold.

Furthermore, only 7.0% (6.2%; 7.8%) of all efforts with high
acc-% and only 4.4% (3.8%; 4.9%) and 5.1% (4.4%; 5.8%) of all
efforts with acc-3 and acc-4 reached a maximal running speed
>25.2 km·h−1.

Ability of Indicators to Discriminate Between
Performance Levels and Field Positions

Table 1 shows all indicators of physical load determined either
with the speed-based, the acc-abs, or the acc-% method. The
largest differences with moderate ES existed in the number of
efforts with high acc-% (ES = 0.91 [0.64; 1.16]), in the number of
efforts with acc-3 (ES = 0.86 [0.60; 1.11]), and in the number
of efforts with acc-4 (ES = 0.87 [0.61; 1.12]). Elite players
performed more high accelerations than sub-elite players. Even
though elite players performed more efforts with moderate acc-
abs and moderate acc-% than sub-elite players, they only revealed
small ES. No differences between elite and sub-elite players and
trivial respectively small ES existed in the number of efforts with
low acc-abs and low acc-%.

The ES of the distances in the running, high-speed running,
and sprinting categories were markedly lower (0.50–0.64) than the
ES of the distance in the jogging category (ES = 0.94 [0.67; 1.19]).
However, the values for elite players were greater than those
observed for sub-elite players. Sub-elite players performed greater
distance in the walking category than elite players with moderate
ES (ES = −0.83 [−1.08; −0.57]).

Figure 1 — All efforts with high accelerations (including 90% CI) de-
pending on the used method. (A) The number of efforts with accelerations
≥75% amax. (B and C) The number of efforts with accelerations >3 m·s−2 and
>4 m·s−2. The efforts are split up depending on the initial running speed (x-axis)
and the maximum running speed (different speed zones). Abbreviations:
acc, acceleration; amax, maximal voluntary acceleration; HSR, high-speed
running.
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Table 2 shows all indicators of physical load dependent on
the playing position, determined either with the speed-based, the
acc-abs, or the acc-% method. CD covered less distance in the
running category compared with all other field positions, with large
to very large ES; moreover, they covered the least distance in the
jogging category, with moderate to large ES (except for A, with
trivial ES). In addition, CD had the CD had the fewest number of
efforts with high acc-% with moderate to large ES compared with
players in other field positions and also the least number of efforts
with acc-3 and acc-4 but with small to moderate ES.

The CM had the highest number of efforts with high and
moderate acc-% and the highest number of efforts with acc-3
and acc-4, with moderate to large ES (except for A, with small
ES). In addition, the distances covered in the jogging and running
categories were the greatest for CM compared with all other field
positions, with moderate to very large ES. On the contrary, CM
covered less distance in the sprinting category than players in other
positions, with moderate to very large ES.

The WD and A covered the greatest distances in the high-
speed running and sprinting categories compared with the other
field positions, with moderate to very large ES (except for A
compared with WM, with small ES). The number of efforts
with high acc-% was similar to that in other field positions (except
for A compared with CD, with A had more high acc-%).

Discussion
This study shows the strengths and limitations of the frequently used
speed-based and the acc-abs methods, as well as the newly published

acc-% method to assess physical load in soccer. Furthermore, this
study demonstrates the relevance of acceleration-based physical
indicators in discriminating between soccer players of different
performance levels and when describing positional requirements.

Strengths and Limitations of the Speed-Based
and the 2 Acceleration-Based Methods

A great number of efforts with high accelerations reach only low or
moderate maximal running speeds. For instance, more than two-
thirds of the highly accelerated efforts resulted in maximal running
speeds lower than 19.8 km·h−1. These results are in accordance
with the results from Varley and Aughey.26 They showed that
85% of the maximal accelerations had a final speed <15.0 km·h−1.
Thus, the nomenclature of the speed-based method may indicate a
different activity than was actually performed by the player because
often only efforts with running speeds exceeding a certain speed
threshold (eg, >19.8 km·h−1) are considered as high-intensity
activity.30,31 The potential for misinterpretation of physical load
based solely on speed-zone data might be critical as not only the
motor effort itself (classified as jogging despite being an acceler-
ating sprint) but also the intensity (classified as “low” in jogging vs
“high” in accelerating sprints) is misleadingly classified.

The misinterpretation also becomes obvious when positional
differences are considered. In particular, CM have the greatest
number of efforts with high acc-% and the greatest distance in the
jogging and running category but shorter distance in the high-speed
running category and the least distance in the sprinting category.
Therefore, if only speed-based indicators are used to estimate

Table 1 Indicators of Physical Load

Match

Elite Subelite

Mean (SD)
90% CI

Lower; Upper Mean (SD)
90% CI

Lower; Upper ES
90% CI

Lower; Upper P

Distance in speed zone, m

Sprinting (>25.2 km·h−1) 111 (72) 99; 124 76 (64) 65; 87 0.51 0.26; 0.76 .00

High-speed running (>19.8–25.2 km·h−1) 522 (181) 490; 553 432 (182) 400; 463 0.50 0.25; 0.74 .00

Running (>14.4–19.8 km·h−1) 1508 (331) 1450; 1566 1281 (376) 1216; 1347 0.64 0.38; 0.89 .00

Jogging (>7.2–14.4 km·h−1) 4353 (764) 4219; 4487 3638 (763) 3505; 3771 0.94 0.67; 1.19 .00

Walking (>0.7–7.2 km·h−1) 3976 (305) 3922; 4029 4280 (418) 4207; 4353 −0.83 −1.08; −0.57 .00

Standing (0.0–0.7 km·h−1) 25 (8) 23; 26 26 (12) 24; 28 −0.13 −0.37; 0.12 .39

Number of efforts with absolute acceleration

High (>4.0 m·s−2) 64 (16) 61; 67 50 (15) 48; 53 0.87 0.61; 1.12 .00

High (>3.0 m·s−2) 127 (23) 123; 131 107 (25) 102; 111 0.86 0.6; 1.11 .00

Moderate (>2.0–3.0 m·s−2) 113 (16) 110; 115 106 (17) 103; 109 0.37 0.13; 0.62 .01

Low (>1.0–2.0 m·s−2) 166 (19) 162; 169 165 (23) 161; 169 0.01 −0.23; 0.25 .94

Number of efforts with percentage
acceleration

High (≥75% amax) 84 (21) 81; 88 66 (20) 63; 69 0.91 0.64; 1.16 .00

Moderate (<75% amax) 90 (14) 87; 92 82 (18) 79; 85 0.48 0.23; 0.72 .00

Low (<50% amax) 183 (21) 179; 187 176 (26) 171; 181 0.28 0.04; 0.53 .06

Very low (<25% amax) 77 (16) 74; 80 85 (20) 81; 89 −0.43 −0.67; −0.18 .00

Abbreviations: amax, maximal voluntary acceleration; CI, confidence interval; ES, effect size (Cohen d). Note: Values are for the entire match. Indicators of 3 different
methods are compared: (1) the speed-based method with the corresponding indicators—distance covered in different speed zones; (2) the absolute acceleration-based
method with the corresponding indicators—number of efforts above a given absolute acceleration threshold, and (3) the percentage acceleration-based method with the
corresponding indicators—number of efforts above a given percentage acceleration threshold. A positive ES represents a larger mean for elite players. Statistical
significance was set at P < .05.
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physical load, a relevant contributor to the physical load in soccer is
disregarded as stated earlier.5–11

By contrast, WD and A covered the greatest distances in the
high-speed running and sprinting category compared with the other
positions but had a similar number of efforts with high acc-%
(except for A and CD). In this case, if only acceleration-based
indicators are used, important aspects of these positions are ne-
glected. Therefore, an evaluation either only taking indicators of
the acceleration-based methods or indicators of the speed-based
method into account would misinterpret physical load.

More than one-half of all efforts with acc-3 have initial running
speeds between 0 and 1 m·s−1, and only 14.4 efforts (12.1% of all
acc-3) started from speeds >2 m·s−1. These results are very similar
to already published results.26 By contrast, only a third of all efforts
with high acc-% have initial speeds between 0 and 1 m·s−1, and
almost one-third of all efforts with high acc-% have initial running
speeds >2 m·s−1. As soccer players are often already in motion prior
to an accelerated effort to anticipate a match situation or to follow
an opponent, it seems logical that a relevant number of efforts are
initiated from a speed exceeding standing or walking. Because
even junior soccer players reach values of 6 m·s−2 when accelerat-
ing maximally from a standing position,15 3 m·s−2 may be too low a
threshold for categorizing high acceleration for efforts starting with
a low initial running speed. Therefore, a threshold of >3 m·s−2 for
high acceleration misclassifies efforts starting with low initial
running speeds as maximum accelerations even if they are only
submaximal. As a consequence, twice as many efforts are counted
as efforts with high acceleration when the threshold is set at
>3 m·s−2 than when it is set at >4 m·s−2 (120 vs 59 efforts).
Furthermore, using a fixed absolute threshold incorrectly classifies
maximally accelerated efforts starting with high initial running
speeds as submaximal accelerations. This is even more pronounced
the higher the absolute threshold is set. Therefore, when an absolute
threshold of >4.0 m·s−2 was chosen as a high acceleration, only 5.9
efforts (10.1% of all acc-4) started from initial running speeds
>2 m·s−1. The reason for this misclassification was previously
highlighted by showing that the acceleration capacity decreases
with increasing initial running speed.15

The results of our study suggest that the quantification of the
physical load and the nomenclature of the term “high acceleration”
can also be incorrect when an abs-acc method is used. For example,
Varley and Aughey26 defined the threshold for maximal accelera-
tions by >2.78 m·s−2. As two-third of all “sprints” (≥6.94 m·s−1)
have accelerations ≤2.78 m·s−2, they conclude that during match-
play, a player is not always demanded to accelerate maximally to
achieve maximal speed. However, this statement may be imprecise,
as the level of accelerations from “sprints” initiated at higher
running speeds are wrongly classified. For example, efforts initi-
ated from 16.7 km·h−1 have maximal accelerations15 of 2.29 m·s−2

and would therefore be classified as submaximal. This misinter-
pretation has consequences not only when practitioners need to
quantify the load the players are exposed to but also from the point
of view of training methodology. The use of the abs-acc method
may neglect the need to also train maximally accelerated runs from
a higher initial running speed, which involves different muscle
groups and limb movement speeds/step patterns.32

The acc-% method avoids the biases introduced by the abs-acc
method. In contrast to the speed-based and the acc-abs methods, it
calculates the intensity thresholds either on the basis of individual
results or on the basis of a team average. Consequently, a sprint
test with maximal accelerations initiated from different running
speeds is required to calculate the 25%, 50%, and 75% acceleration

thresholds. This approach has the advantage that the thresholds are
performance dependent and are not generic (and arbitrary) values
as with absolute thresholds. On the other hand, additional time for
sprints and for analyzing positional data is needed (see “Measure-
ment Methods”). It has to be noted at this stage that effort have been
made to use relative, individualized thresholds for the speed-based
method as well.30,33,34 However, these approaches also require
additional time to determine individual maximum speed or second
ventilatory threshold.

Discriminative Ability of Indicators

The number of efforts with high abs-acc and high acc-% discrimi-
nates the most between elite and sub-elite junior soccer players,
underpinning the importance of a good acceleration ability and the
willingness to repeatedly accelerate highly during matches at high
performance level. When considering speed-based indicators, it
seems odd at first glance that the distance covered in the jogging
category discriminates the best. However, the reason for this finding
is based on the fact that elite players have more high accelerations
than sub-elite players, and most of these efforts take place in the
speed range between 7.2 and 14.4 km·h−1. Thus, the great discrimi-
native ability of the distance in the jogging category is reinforced by
these short, highly accelerated efforts and is not only the result of a
large number of continuous runs. Each acceleration that either
finishes, starts, or passes through the jogging zone will contribute
to the distance covered in the jogging category, although the effort
itself is obviously much more intense. In contrast to our study, some
studies with adult participants have shown that players with higher
performance levels have the greatest difference to players of lower
levels in the distances covered in high-speed zones.19 There are also
studies showing that lower ranked teams covered more distance in
the high-speed running category than higher ranked teams.20–23

However, none of these former studies have taken acceleration-
based indicators into account.

Strengths and Limitations of the Study

With the limited number of players, there is a lack of repeated
measurement, and therefore, the player variation between matches
was unable to be accounted for. However, the design of the study
has the strength that all matches were played on the same match
location,35 using the same measurement system (LPM), the same
playing surface36 and pitch dimensions, and the matches were
played in the same phase of the season37 and under the same
climatic conditions.38 In addition, because many different teams
were included (n = 14), the influence of team tactics as well as
individual player features can be reduced. All these reasons may
lead to a reduction of the match-to-match variation. However, the
discriminative ability between junior elite and sub-elite players and
between different playing positions is limited to the sample used in
this study and can only be transferred to other populations with
caution.

The sub-elite players were on average 0.9 years older than
the elite players (17.9 vs 17.0 y). It might be speculated that the
discriminative ability of the indicators may have been even greater
when the 2 groups had exactly the same average age.

Despite being muscularly demanding, deceleration phases
were not considered in the acceleration-based methods nor ade-
quately for the speed-based method. This limitation of the methods
should be kept in mind as a practitioner when monitoring the
physical load of a training process or a match. Further studies are
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needed to analyze the deceleration performance of the players as it
is a relevant contributor of the overall physical load.

Furthermore, approaches exist suggesting to use relative and
individualized thresholds for the speed-based method too.30,33,34

This may further improve the sensitivity of this approach to
determine physical load based on speed data.

When using the acc-abs and the acc-% methods, the techno-
logical aspects of any tracking system may represent a considerable
limit. The LPM system seems to be one of the most accurate
measurement systems to measure movement patterns in team
sports;39 nevertheless, its limitations are known.40

Practical Applications
• For a complete picture of the physical load in soccer, a

combination of the acc-% and the speed-based method is
recommended.

• Adjusting the nomenclature of the speed-based indicators
would be preferable to avoid confusion about the type of
movements (eg, “low speed” instead of jogging, “very high
speed” instead of sprinting).

• Using acc-abs thresholds to describe efforts with high accel-
eration, the number of detected efforts depends on the level of
the threshold.

• In strength and conditioning training, attention must be paid to
the development of the ability to maximally accelerate, while
starting not only from low initial running speeds but also from
moderate and high ones as well.

Conclusions
Our results show the relevance of the acceleration ability for high
performance in soccer, at least in junior elite players, and the
importance of acceleration-based data for the evaluation of physi-
cal load. As maximal acceleration depends on the initial running
speed, the acc-% method should be favored to acc-abs thresholds.
A combination of speed-based and acceleration-based methods is
important to get a comprehensive view, as each method on its own
misses some important motor efforts. However, further studies are
needed to conclusively determine the definitive procedure to record
the total physical load.
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