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ABSTRACT: This study compared the most common absolute sprint threshold (> 25.2 km/h) with relative
and individualized thresholds (> 70%, > 75%, > 80%, > 85% and > 90% of peak match speed). Twenty
elite soccer players, competing in the first division of the Portuguese League, were monitored using GNSS
equipment during thirty-four official matches. Peak match speed was retrieved as the individual maximal speed
reached during the full season. Distances were registered when speed overcame the absolute and the relative
thresholds. Mean =+ SD of peak speeds and distances covered were calculated, and Pearson correlation (1) and
mean paired differences were performed to analyze relationships and differences between thresholds. The peak
match speed was 32.9 = 1.4 km/h. Correlations between distances covered using the absolute and relative
thresholds varied from very strong (> 70%: r = 0.84, p < .001; > 75%: r = 0.89, p < .001; and > 80%:
r=10.88, p < .001), strong (> 85%: r = 0.79, p < .001), to moderate (> 90%: r = 0.59, p < .001). Overall,
the > 75% (ES: 0.23 [95% Cl: 0.16, 0.31]) and the > 90% (ES: -1.65 [95%Cl: -1.85, -1.48]) relative thresholds
presented the smallest and largest differences, respectively, with the absolute threshold. Differences were also
found when considering the playing positions. While the distances covered by central midfielders were similar
between the absolute and > 80% thresholds (-0.03 [-0.16, 0.10]), fullbacks covered largely more distance
-1.88 [-2.42 -1.50]) in the absolute threshold than in the > 80% threshold. The distances covered by players
varied based on the selected threshold, affecting the distances covered by different playing positions. Being
the highest speed threshold within displacements thresholds, the absolute sprint threshold showed greater
similarity to lower rather than higher relative thresholds.
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With the advances in technological equipment (i.e., global position-
ing systems [GPS]) during the 1990’s, coaches and sport scientists
began directing their attention to the analysis of athletes’ movements
and efforts in training and competition [1]. Therefore, interesting
data have been obtained regarding physical, physiological, and tech-
nical demands across technical-tactical training sessions and match-
es [2]. For example, it is known that soccer players usually cover
between 9 and 14 km per match [3]. However, most of this distance
(~35%) is covered at low speeds (< 7.2 km/h), with only 2-3%
being covered at very-high speeds (> 25 km/h) [3]. Although prac-
titioners continue to include total distance during match load moni-
toring [4], recent scientific research has focused on examining high-
intensity efforts such as sprint distance (distance covered above

a specific threshold) [1]. This happens due to the characteristics of
soccer, especially due to the high intermittency of match activities [2]
that allows reaching multiple peaks of speed along the match. Sprint
efforts has also gained a particular importance because these actions
usually precede goal situations in official soccer matches [5]. On the
other hand, these explosive actions are regularly associated with
a high risk of injury, especially when players perform maximal sprints
in a fatigued state [6, 7]. However, players constantly exposed to
these efforts might be better prepared for specific match demands,
thus reducing the injury risk [8].

When analyzing sprint efforts, researchers can provide interest-
ing information regarding match demands. For instance, maximal
sprint speeds (> 30 km/h) occur more often at the beginning and
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end of the match (i.e., 0'-15" and 75'-90’; compared to the rest of
the match) [9], with players covering between 30 and 55 meters at
those speeds per match [10]. However, an important point should
be raised when discussing this issue: a maximal effort is always re-
lated to the player’s aptitude and the context in which it occurs has
critical implications. That is, maximal efforts might have distinct
classifications and present a great variability among players of dif-
ferent fitness levels [11, 12]. In this regard, two interesting findings
were recently reported. First, a study showed higher peak speeds in
the 30-m sprint test compared to matches and sided games [13].
Secondly, arbitrary thresholds underestimated the distances covered
when compared to relative thresholds (obtained using the 30-15 In-
termittent Fitness Test, with peak speeds collected during training
sessions and matches) [14]. Nevertheless, near-maximal efforts are
usually classified according to arbitrary thresholds, without consid-
ering the individual characteristics of players and their respective
playing positions [15]. For example, previous research has moni-
tored sprint displacements with different absolute thresholds (i.e.,
distances covered > 19.8 km/h [8], > 21 km/h [16], > 24 km/h [17]
and > 25.2 km/h) [18]. With these fixed ranges, two main issues
arise: first, since speed thresholds differ between studies, compari-
sons between players’ efforts are difficult to be made; second, play-
ers with different physical and physiological capacities are evaluat-
ed under the same criteria. In practical terms, for example, whereas
the 25 km/h threshold represents an intensity of ~71% for a play-
er who reaches a maximum speed of 35 km/h, the same threshold
represents an intensity of ~83% for another player who sprints at
a maximum speed of 30 km/h.

To address these issues, some authors have proposed the use of
a more individualized approach, with individual efforts being clas-
sified according to the maximum values obtained during field
tests [16]. However, during matches, players rarely achieve
speeds > 90% of individual maximum speed registered during
tests [19]. Furthermore, field tests protocols may have limitations,
such as underestimating peak speed when measuring average speed
in 10 meters or 20 meters splits [20]. Hence, using peak match
speed (i.e., the highest speed registered during the match) as the
reference value for determining and classifying players’ efforts could
provide a more realistic view of individual match demands. This
strategy would benefit from analyzing the actual game context, ac-
counting for players’ capacities and tasks, thereby overcoming the
limitations of relying on speed values collected during sprint speed
tests, which are usually higher to those attained during matches,
as well as from using data collected during the pre-season peri-
od [13, 21]. Regarding the use of relative thresholds, a recent study
revealed that the assessment of distances covered at speeds supe-
rior to 80% of match and training peak speeds allowed to differen-
tiate between starters and non-starters [22]. Furthermore, distanc-
es covered at speeds > 25 km/h and > 80% of players’ maximum
speeds differ, with players covering shorter distances while moni-
tored with relative thresholds in comparison with absolute
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thresholds (i.e., starters and non-starters monitored with relative
thresholds: ~940 m vs. ~550 m; starters and non-starters moni-
tored with absolute thresholds: ~1300 m vs. ~970 m). Specifical-
ly, the 80% relative threshold has been recommended to ensure
higher accuracy while monitoring sprinting activities [23]. Howev-
er, the application of relative thresholds remains limited, as differ-
ent relative intervals (> 80% and > 90%) are equally classified as
sprints [20]. Therefore, the aim of this study was to analyze the re-
lationships and differences between the distances covered during
sprinting efforts of different intensities, classified according to the
most commonly used absolute speed threshold for determining sprint
efforts (> 25.2 km/h) [21] along with five relative and individual-
ized speed thresholds (> 70%, > 75%, > 80%, > 85% and > 90%
of peak match speed). Additionally, this study aims to compare the
distances covered within each threshold based on the players’ po-
sitions. It was hypothesized that most of the individualized speed
thresholds would result in significantly different sprinting distances
compared to the absolute threshold, although the correlations among
the distances covered would be significant. In addition, we also hy-
pothesized that such differences (distances covered sprinting) would
vary across playing positions.

MATERIALS AND METHOD 'S 155
Study design

This retrospective study analyzed the relations and differences be-
tween distances covered during official matches of the Portuguese
first division, according to specific thresholds, defined as absolute
(> 25.2 km/h) (the most commonly used absolute threshold) and
relative thresholds (> 70%, > 75%, > 80%, > 85% and > 90%
of peak match speed), separated by 5% intervals. Data were col-
lected across thirty-four matches (full season), from August 2021 to
May 2022, following the standard procedures established by the
soccer club. Data was retrieved as raw data, collecting speed (km/h)
and distance (m) for each player and for each match.

Subjects

Twenty elite-level soccer players [24] (age: 24.9 = 4.0 years, height:
182.1 £7.5 cm, and body-mass: 75.1 +8.3 kg) competing in the
first division of the Portuguese League were monitored during all
matches of the League during the 2021/22 season. Matches from
national cups and from the European competition were excluded. Data
from goalkeepers and players who failed to complete at least one
match were excluded. Only data for completed matches were consid-
ered, resulting in a total of 173 files. An a-priori power analysis was
calculated using the G-Power software, which required 111 observa-
tions [25], to a respective power of 0.95. The number of completed
matches per player ranged from 2 to 25. Importantly, since only full
matches were included, the data were not influenced by potential
noise from short (but intense) participation and performance of sub-
stitutes. Considering playing positions, were included: central defend-
ers (CD) (n = 6), fullbacks (FB) (n = 3), central midfielders (CM)
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(n = b), wide midfielders (WM) (n = 4), and forwards (FW) (n = 2).
Ethics Committee clearance was obtained (35/2021) and the study
was conducted in accordance with the Declaration of Helsinki.

Procedures

Players were monitored with a 10-Hz global positioning system
(Catapult Vector S7 — Catapult Sports, Melbourne, Australia) that
encompassed a double constellation system (GNSS and GPS). This
model has been certified by FIFA [26] and has demonstrated good
reliability for peak speeds [27]. The horizontal dilution of precision
(HDOP) for all observations was 1.02 = 0.34, with an average of
12 + 2 satellites acquired. Devices were positioned between the
upper scapulae, at approximately the T3-4 junction, being activated
15 minutes before use, in accordance with the manufacturer’s in-
structions. Raw data regarding distance and speed (km/h) were re-
trieved from the proprietary software (OpenField Console, Catapult
Sports, Melbourne, Australia).

Peak match speed was defined as the highest value attained by
each player across the thirty-four matches. Individual relative thresh-
olds were individually calculated as > 70%, > 75%, > 80%, > 85%,
and > 90% of the individual peak match speed. Covered distances
were counted for every 0.1 seconds if velocity surpassed the estab-
lished thresholds (> 25.2 km/h, > 70%, > 75%, > 80%, > 85%
and > 90% of peak match speed).

Statistical Analysis

All analysis were performed using Microsoft Excel and Jamovi (Ver-
sion 2.3.19.0; JAMOVI project, 2022) with the ESCI pack-
age [28, 29]. Means = SD and coefficient of variation (%CV) of peak
match speeds were calculated for each playing position and for all
players. Means = SD of distances covered by players according to
the specific threshold (> 25.2 km/h and > 70%, > 75%, > 80%,
> 85% and > 90% of peak match speed) were calculated for each

playing position and for all players. Pearson (r) correlation (with 95%
Confidence Intervals) analyzed the relationships between absolute
and relative thresholds. Magnitudes of correlations were classified
as very weak (0-0.19), weak (0.20-0.39), moderate (0.40-0.59),
strong (0.60-0.79), and very strong (0.80-1) [30], and statistical
significance was established at p < .05. Differences between mea-
surement thresholds were analyzed via mean paired differences, with
intra-individual comparisons for each threshold. For example, the
distances covered within the absolute threshold by player A in match
1 were compared with the distances covered within the selected
relative threshold by the same player in the same match. This anal-
ysis was performed with all players, divided according to playing
positions. Effect sizes were established as trivial (< 0.2), small
(0.2 < 0.6), moderate (0.6 < 1.2), large (1.2 < 2.0), very large
(2.0 < 4.0), and huge (> 4.0), and presented along with 95%
confidence intervals [31]. An unclear effect size was established if
the Cl crossed zero [32].

RIES U LTS 1500
FW, FB, and WM reached higher peak match speeds across the full
season and covered higher distances per match independent of the
threshold (Table 1). Peak match speeds exhibited a %CV ranging
from 0.9% (FW) to 4.9% (WM). Additionally, the intra-individual
%CV of peak match speeds across the matches ranged from 0.9%
to 7.7%, while the %CV of the team’s peak match speeds was 4.3%.
Distances covered using the absolute threshold were longer than
the > 80% threshold for CD, CM, and WM, and the 75% threshold
for FB and FW (Table 1). Overall, distance covered decreased when
considering the following thresholds: > 70%, > 75%, > 25.2 km/h,
> 80%, > 85% and > 90% (Figure 1).

Very strong correlations were found between the absolute thresh-
oldand > 70% (r = 0.84, p < .001), > 75% (r = 0.89, p < .001),
and > 80% (r = 0.88, p < .001) relative thresholds (Figure 2).

TABLE 1. Mean + SD of peak match speed and distances covered per match according to the threshold, for each playing position

and for all players.

Distances covered (m)

Peak Match
Speed (km/h) > 25.2 km/h > 70% peak > 75% peak > 80% peak > 85% peak > 90% peak
match speed match speed match speed match speed match speed
CD 32.3+1.0 92.7+47.8 211.8+68.2 121.9+52.2 63.5+36.0 29.9+22.2 8.7+10.5
FB 34.1+0.7 258.0x72.9 371.40x77.1 231.9%=65.4 134.3+52.4 63.5+32.3 22.9+19.8
CM 31.7+0.7 44,7 +30.8 205.9+83.1 102.1+51.4 43.9+28.0 15.4+15.0 4.4+7.1
WM 334+16 185.8+115.6 361.5+109.2 212.7+82.0 111.6+54.0 49.6 +=34.3 154+19.8
FW 343+0.3 244.7+105.1 349.2+119.8 204.6x81.8 109.2+44.1 46.0+24.6 15.7+11.7
All 329+1.4 1345+103.5 270.3+113.2 156.4+80.8 82.0+52.6 36.4+30.1 11.7+15.2

Note: CD = central defenders; FB = fullbacks; CM = central midfielders; WM = wide midfielders; FW = forwards
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Strong and moderate correlations were found between the absolute
threshold and > 85% (r = 0.79, p < .001), and > 90% (r = 0.59,
p < .001) relative thresholds, respectively (Figure 2).

Table 2 presents the mean differences according to the different
thresholds and for each playing position and all players. Overall,
the > 75% relative threshold presented the smallest difference (ES:
0.23 [90% CI: 0.16, 0.311) when compared with the absolute
threshold. Actually, on average, the 25.2 km/h threshold represent-
ed 76.8% of the peak match speed, ranging from 70.4% to 81.8%.
However, for CM, the > 80% relative threshold presented unclear
differences (ES: -0.03 [90% ClI: -0.16, 0.10]) with the absolute
threshold. The absolute threshold differed largely to hugely from
the > 70% (except forwards which differed moderately) and
the > 90% relative thresholds.

Hugo Silva et al.
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80% —

— > 85%
- > 90 %

FIG. 1. Distances covered per match according to the absolute
threshold (> 25.2 km/h) and the relative thresholds (70%, > 75%,
> 80%, > 85% and > 90% of match peak speed).

TABLE 2. Mean differences [90% CI] with effect sizes [90% CI] of distances covered per match between the absolute and relative
sprint thresholds (> 70%, > 75%, > 80%, > 85% and > 90% of peak match speed) for each playing position and for all players.

Distances covered (m)

> 70% > 75% > 80% > 85% > 90%
peak match speed peak match speed peak match speed peak match speed peak match speed
119.06 29.19 -29.22 -63.79 -84.04
cD [107.69, 130.42] [22.17, 36.22] [-34.88, -22.57] [-72.20, -55.38] [-94.07, -74.00]
2.00 0.58 -0.68 -1.69 -2.40
[1.73, 2.32]" [0.43, 0.741° [-0.86, -0.531" [-1.98, -1.45] [-2.79, -2.08]'
113.36 -26.09 -123.74 -194.58 -235.18
B [96.86, 129.86] [-42.41, -9.78] [-141.80, -105.68] [-218.57, -170.60] [-263.66, 206.71]
1.46 -0.36 -1.88 -3.33 -4.25
[1.15, 1.89]" [-0.61, -0.151° [-2.42, -1.50] [-4.24, -2.71]'" [-5.42, -3.44]"
161.19 57.40 -0.80 -29.30 -40.24
oM [138.35, 184.04] [47.51, 67.29] [-4.87, 3.28] [-37.94, -20.66] [-50.57, -29.92]
2.50 1.32 -0.03 -1.18 -1.75
[2.07, 3.10]" [1.08, 1.65]" [-0.16, 0.101V [-1.57, -0.861" [-2.29, -1.34]
175.71 26.92 -74.23 -136.14 -170.36
WM [146.84, 204.58] [3.13, 50.72] [-101.36, -47.091] [-169.13, -103.16] [208.26, -132.46]
1.52 0.26 -0.80 -1.55 -2.00
[1.20, 1.941" [0.06, 0.487° [-1.07, -0.591" [-1.97, -1.24] [-2.54, -1.59]"
104.45 -40.07 -135.48 -198.70 -228.97
W [78.12, 130.78] [-62.21, -17.93] [-184.71, -86.24] [-264.16, -133.25] [-306.43, -151.51]
0.84 -0.39 -1.53 -2.36 -2.78
[0.59, 1.301 [-0.62, -0.251° [-2.30, -1.111* [-3.60, -1.701" [-4.41, -1.84]"
135.75 21.82 -52.51 -98.11 -122.87
Al [126.38, 145.12] [14.42, 29.23] [-61.91, -43.12] [-110.44, -85.78] [-137.22, -108.53]
1.25 0.23 -0.64 -1.28 -1.65
[1.13, 1.38] [0.16, 0.31T° [-0.73, -0.55]" [-1.43,-1.15] [-1.85, -1.48]

Note: CD = central defenders; FB = fullbacks; CM = central midfielders; WM = wide midfielders; FW = forwards; when the value is
negative, it indicates that players covered greater distances at speeds exceeding the absolute sprint threshold (> 25.2 km/h); U = unclear
effect size; S = small effect size; M = moderate effect size; L = large effect size; VL = very large effect size; H = huge effect size.
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FIG. 2. Pearson correlations (r) between the absolute threshold (> 25.2 km/h) and the relative thresholds (70%, > 75%, > 80%,

> 85% and > 90% of peak match speed).

DISCU'S'S 1O /N 15
The aim of this study was to compare distances covered by soccer
players, per match, according to the most commonly used speed
threshold for determining sprint efforts (> 25.2 km/h) with five
other relative speed thresholds (> 70%, > 75%, > 80%, > 85%
and > 90% of peak match speed). Our main finding agreed with our
hypothesis, showing that sprint distances differ greatly according to
the selected threshold, and with players covering more than one
soccer field (i.e., 134.5 + 103.5 m) per match at speeds > 25.2 km/h.
This is longer than the distances covered at speeds > 80% of the

individual peak match speed (i.e., +64%) but shorter than the dis-
tances covered at speeds > 75% (i.e., -14%) of the individual peak
match speed (Figure 1).

Absolute speed thresholds allow comparisons within and between
players and teams [33]. However, these thresholds are arbitrarily de-
fined, with authors reproducing previous research and practitioners
adopting the speed thresholds (i.e., speed zones) as determined by
the proprietary GPS software [15]. Furthermore, although absolute
thresholds consider that all displacements above a specific speed
represent a similar level of effort for all players, the use of this
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method does not provide an individually tailored and precise char-
acterization of match load [22, 34]. To address this issue, individu-
alized speed thresholds have been proposed, by calculating the per-
centage of effort according to the maximum speed test [34] or using
the peak running speed recorded during matches or training ses-
sions [22]. Considering that during matches players fail to achieve
the maximum speed obtained during tests [13], the latter method
can reflect a more realistic and applied scenario. Our findings relate
to and expand the findings reported by Gualtieri et al. [22], with
players, in general, covering shorter distances at individualized “speed
thresholds” (> 80% peak match speed) compared to the absolute
sprint threshold (> 25.2 km/h) (Figure 1). In contrast, Abbot
et al. [34] reported lower percentages of sprint distances covered by
players with the individualized threshold (> 30% of the anaerobic
speed reserve [the difference between the maximum sprint speed
and maximum aerobic speed scorel), except for players with supe-
rior performance during the “maximum aerobic speed test” (i.e.,
> 1 standard deviation from mean). However, the latter study de-
fined relative thresholds using test results and not using data collect-
ed during official matches.

Another potential issue when using absolute speed thresholds to
map and monitor external load relates to how and to what extent the
specific match demands differ across different playing positions. For
instance, previous research has reported that CD (186 = 82 m) and
CM (167 =87 m) cover shorter sprint distances compared to FB
(265+121 m), WM (314=123 m) and FW (345 +29 m) when
using fixed and standardized speed thresholds [35]. Despite the sim-
ilarity with our results, the magnitude of these differences decreas-
es substantially when individualized speed thresholds are consid-
ered. For example, considering our findings, FB covered 5.8 X more
sprint distance than CM when considering the absolute threshold
(> 25.2 km/h) but only 3.1 x more sprint distance than CM when
considering the > 80% relative threshold (Table 1).

Selecting the adequate speed threshold is important to ensure
that data is being correctly analyzed and interpreted, according to
its purposes. For example, the 80% relative threshold provided the
closest speed (0.1 km/h of difference) compared to the absolute
threshold (> 24.9 km/h), but more importantly, this relative thresh-
old was more associated with risk of injury in comparison to the ab-
solute speed threshold in Australian football rules players [23].

Increasingly, we found very close correlations between the abso-
lute speed threshold (> 25.2 km/h) and the > 70% (r = 0.84,
p < .001), > 75% (r = 0.89, p < .001), and > 80% (r = 0.88,
p < .001) relative thresholds (Figure 2). However, it does not mean
that they can be used interchangeably. As previously discussed, the
absolute threshold represented an intensity of 70.4% to 81.8% of
the peak match speed, highlighting why the higher correlations were
found within these intervals. Although distances covered above ab-
solute and arbitrary thresholds correlated very strongly with those
covered above relative thresholds, player individuality is not consid-
ered by the former. Hence, absolute and relative thresholds can be
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used for different purposes. As aforementioned, absolute thresholds
might be used to compare teams and playing positions. On the oth-
er hand, the relative thresholds are able to track changes in peak
speed during training/matches over the season and provide a more
accurate sprint training/match load.

During high-speed displacements monitoring process, the sprint
threshold (i.e., > 25.2 km/h) is the highest absolute threshold
used [21]. Therefore, it is crucial to consider players capabilities
while assessing intense efforts such as sprints. In order to establish
the maximal speed to determine the relative thresholds, we consid-
ered the peak speed achieved during matches instead of using data
collected through standard speed tests (e.g., a 30-m linear sprint
speed test). Although match context influences player perfor-
mance [36], which limits our findings, field tests also present their
inherent limitations. As previously discussed, field tests do not nec-
essarily reproduce actual match situations [13] and are primarily
performed during preseasons (which may compromise the use of
these data across the competitive season). In this regard, to account
for peak match speed variation across the season [37], we used the
highest value of peak match speed recorded throughout the entire
season during the competitive matches.

However, since sprint efforts refer to the highest threshold when
assessing speed displacements, choosing a lower relative intensity
(such as > 75% of the peak match speed) can overestimate play-
ers’ loads. In contrast, choosing a high relative intensity (such
as > 90% of the peak match speed) can result in the absence of
sprints for some players, as the 90% intensity can even not occur
during matches if one considers the maximum speed registered dur-
ing field tests [19]. Considering that the > 80% has been previous-
ly recommended [22, 23], and can potentially increase the total dis-
placement considered within the “actual” sprint threshold, this relative
threshold may be used to improve the accuracy and efficacy of mon-
itoring procedures, especially if the relation between this threshold
and the risk of injury found Australian football rules [23] is replicat-
ed in future studies regarding soccer. Importantly, we only assessed
one team and, to avoid potential noise in data, we only considered
full matches. This strategy intended to avoid potential changes in
data caused by short and intense appearances of substitutes. Addi-
tionally, it is worth noting that even when considering that peak
match speed can vary across the season, field tests are typically con-
ducted during the pre-season, which might increase this potential
limitation.

CONCLU S| O/N S 15—
In conclusion, we found very strong correlations between distances
covered above the absolute threshold and above three relative thresh-
olds (> 70%, > 75% and > 80%). This is probably explained be-
cause the absolute threshold represented an intensity ranging from
70.4% to 81.8% of the peak match speed, but this does not mean
that they can be used interchangeably. Sprint distances registered
during matches differ according to the selected threshold, increasing
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the importance of what threshold to use while monitoring match
sprint demands. Finally, different playing positions covered different
distances, but the relative thresholds reduced the magnitude of those
differences.

These findings have a direct impact on the load monitoring of
soccer players. First, the absolute threshold neglects the players’ in-
dividual capacities, although it allows comparison within teams and
players. For instance, practitioners may wish to determine whether
a player can reach a specific speed or assess if that player covers
longer/shorter distances at or above that particular speed. However,
for meaningful and real comparisons between players, individualiz-
ing players’ capacities and demands could be a more effective strat-
egy. Although faster players (assessed during field tests) achieved
higher match speeds [38], a tactical strategy from the team or from
the opposition can limit the expression of those sprint test speeds.
For this reason, it makes sense recording peak speeds during match-
es since they better express the competitive demands. Considering
the differences found between the distances covered according to

the absolute or relative thresholds, the match load would vary ac-
cording to the chosen strategy, which can impact how practitioners
prepare the following training sessions. Finally, the relative thresh-
old reduces the magnitude of the differences found between playing
positions, highlighting the players’ individual capacities and match-
es’ context.
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