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Abstract

This study aimed to examine the influence of effective playing time (EPT) on match running performance (MRP) in elite
soccer players competing in the UEFA Champions League (UCL), while controlling for contextual factors. In total, 1371
individual observations, involving 437 outfield players, participating in 32 teams, were collected from 122 matches using
an optical tracking system. The MRP variables included total distance (TD), low- (LIR), moderate- (MIR), and high-intensi-
ty running (HIR). Linear mixed models were applied, with match outcome, match location, and opponent quality included
as fixed effects, and player and team identity as random effects. The results showed that EPT significantly influenced
TD (f=5.01-14.20, all p<0.01) and LIR (f=3.23-21.93, all p<0.05) across most playing positions, with players covering
9-10% greater distances in matches with very long EPT compared to very short EPT. In contrast, no significant effects
of EPT were observed for MIR and HIR across any playing position. These findings indicated that longer EPT primarily
increased overall activity, mainly through low-intensity activities, while moderate- and high-intensity activities remained
relatively stable. Importantly, this pattern was consistent across players from multiple national contexts. From a practi-
cal perspective, EPT should be considered when planning and monitoring overall load, whereas moderate- and high-in-
tensity activities should be systematically developed and maintained through training independent of EPT.
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Introduction

Match running performance (MRP) represents a key
component of physical demands in soccer, providing objec-
tive insight into the external load imposed on players during
match-play (Freire et al., 2022; Modric et al., 2025; Pran-
jic, Modric, & Uljevic, 2022). Typically, MRP is quantified
through variables such as total distance covered, distances
covered at different intensity thresholds, as well as accelera-
tions and decelerations (Castellano, Huarte, & Casamichana,
2025; Kilci et al., 2025; Martin-Castellanos et al., 2024). These
metrics are widely used to inform training prescription and
load management (Sunjié, Versié, Modri¢, Marin, & Zalatel,
2024). However, MRP is not a fixed construct, as it is influ-
enced by multiple contextual and situational factors (Trewin,
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Meylan, Varley, & Cronin, 2017). Understanding the determi-
nants of MRP is therefore essential for accurately interpreting
match demands and designing ecologically valid training in-
terventions (Aquino et al., 2017).

One factor that has recently attracted attention in this
context is effective playing time (EPT) (Altmann, Forcher,
Woll, & Hirtel, 2023; Rey et al., 2024; Zhao & Zhang, 2021).
Unlike the official match duration, EPT refers to the actual
time the ball is in play, excluding all stoppages such as fouls,
injuries, substitutions, and delays (Siegle & Lames, 2012). This
distinction is important, as players are only physically engaged
during active phases of the game. Given that matches can dif-
fer substantially in EPT (Linke, Link, Weber, & Lames, 2018),
two matches of the same official match duration may impose
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very different external loads. Therefore, EPT may play an im-
portant role in shaping the overall external load (i.e., MRP)
experienced by players during a match. However, to the best
of our knowledge, only one study directly examined the effect
of EPT and MRP.

Altmann et al. (2023) in their study investigated German
Bundesliga elite players, and reported that players covered on
average 10% more total distance and performed 13% more ac-
celerations, while sprinting 7-10% less in matches with long
(> 65 min) compared to short (<50 min) EPT. Despite the
valuable knowledge provided in this study, there were some
limitations that open up possibilities for further research.
First, MRP was obtained from teams participating in the
single national league. Therefore, the results are undoubted-
ly influenced by geographical, cultural, historical, and social
aspects of the country (Sapp, Spangenburg, & Hagberg, 2018;
Sarmento et al.,, 2013). Second, a relatively simple method-
ological approach was utilized. Specifically, contextual factors,
such as match location, match outcome, or opponent quality,
which have been shown to influence physical performance
(Kadar et al., 2025; Plakias & Michailidis, 2024; Wang et al.,
2026), were not statistically controlled for, raising questions
about the relevance of the findings.

For all these reasons, additional research analysing the
effect of EPT on MRP of teams from multiple countries utiliz-
ing a more complex statistical approach is arguably warranted.
The most elite soccer competition that includes teams from
multiple countries is the UEFA Champions League (UCL)
(Lago-Perias, Lago-Ballesteros, & Rey, 2011). Analyzing data
from such a competition has the potential to provide nov-
el insights about the influence of EPT on MRP. The results
could facilitate the interpretation of MRP in relation to ETP,
and consequently improve load management practices and
training design in elite soccer. Therefore, this study aimed to
examine the effect of EPT on the MRP of UCL players. We
hypothesized that MRP would be affected by EPT for players
in all playing positions.

Methods
Sample and design

Players’ MRP were analysed in all UCL matches (n=125)
over the course of the 2022/23 season. Three matches were
subsequently excluded owing to poor-quality data. Only the
results of players who participated in the whole match were
analysed, while goalkeepers were not included due to the
specificity of this position. As a result, the final sample includ-
ed 1371 individual observations obtained from 122 matches,
in which a total of 437 players from 32 teams participated. To
ensure confidentiality, all players’ identities were anonymised
in accordance with the principles of the Declaration of Helsin-
ki. The investigation was approved by the Ethical Board of the
University of Split, Faculty of Kinesiology (approval number:
2181-205-02-05-19-0020).

The players’ observations were classified according to the
EPT into the five groups: (i) <50’ very short EPT (VSEPT;
33 observations), (ii) 50-55’; short EPT (SEPT; 274 observa-
tions), (iii) 56-60’; moderate EPT (MEPT; 598 observations),

(iv) 61-65’; long EPT (LEPT; 308 observations), (v) >65’;
very long VLEPT (VLEPT; 158 observations) (Altmann et al.,
2023). In addition, players’ observations were classified ac-
cording to their playing positions: central defenders (CD; 471
observations), central midfielders (CM; 376 observations),
fullbacks (FB; 283 observations), forwards (FW; 104 observa-
tions), and wingers (WM, 137 observations). Match outcome
(win, draw, lose), match location (home, away), and opponent
quality (five-season UEFA club coefficient) were included in
the study as covariates to control for the potential influence of
contextual factors.

Procedure

The MRP data were obtained using an optical tracking
system (Player & Ball Tracking System, Hawk-Eye Innova-
tions Limited, Basingstoke, England). The system’s reliability
and validity have been previously evaluated in accordance
with the official Fédération Internationale de Football Asso-
ciation (FIFA) test protocol for Electronic Performance and
Tracking Systems (EPTS). This validation process involved
comparisons with a gold-standard motion capture system (Vi-
con, Vicon Motion Systems, Oxford Metrics, UK) across five
velocity ranges (0-7 km/h, 7-15 km/h, 15-20 km/h, 20-25
km/h, and >25 km/h). The system met the required criteria,
confirming a high level of reliability and validity (Modric et
al., 2025). The MRP variables included total distance covered
(m), low-intensity running (LIR) (m) (<15 km/h), moder-
ate-intensity running (MIR) (m) (15-20 km/h), and high-in-
tensity running (HIR) (m) (=20 km/h) (Modric et al., 2025).

Statistical analysis

A linear mixed model was fitted, with match outcome,
match location, and opponent quality included as fixed ef-
fects, to examine the influence of EPT (i.e., main effect) on
MRP of elite soccer players. Players’ and teams’ identities were
modelled as random effects to account for the hierarchical
structure of the data. When the significant main effect was
detected, post-hoc pairwise comparisons were conducted us-
ing the Bonferroni adjustment. Model adequacy was assessed
through visual inspection of residuals versus fitted values and
normal Q-Q plots. All statistical analyses were performed
using SPSS software (IBM SPSS Statistics, version 25.0), with
statistical significance set at p<0.05 level.

Results

The average EPT was 59.18+4.58 min, with a mini-
mum of 49 min and a maximum of 70 min. The results of
the linear mixed model examining the influence of EPT on
position-specific MRP, while controlling for contextual fac-
tors, are presented in Table 1. EPT significantly affected TD
for CDs, CMs, FBs, and WMs (f=5.01-14.20, all p<0.01), with
post-hoc comparisons showing significantly greater TD in
matches with VLEPT compared to the matches with VSEPT
and SEPT. Also, EPT had a significant influence on LIR for
CDs, CMs, FBs, and WMs (f=3.23-21.93, all p<0.05), with
post-hoc comparisons showing significantly greater LIR in
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as covariates match outcome influenced (i) TD of players on
all playing positions, (ii) LIR of CD, CM, FB, and FW, (iii)
MIR of CD, and (iv) HIR of CD and WM. Match location had
an impact on TD of CD and WM, CDs” MIR, and CMs’ LIR.
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with different EPT. In contrast, no influence of EPT on MIR ~ Opponent quality affected the LIR and HIR of CM.

vealed no significant pairwise differences between matches
and HIR was found for players in all playing positions. Finally,

was observed for LIR among FWs, post hoc comparisons re-

match with VLEPT compared to the matches with VSEPT,
SEPT, and MEPT. Although a significant main effect of EPT
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Discussion

This study aimed to examine the influence of EPT on
MRP in elite soccer players competing in the UCL while con-
trolling for contextual factors. The EPT significantly affected
TD and LIR across most playing positions, whereas no mean-
ingful influence of EPT on MIR and HIR was observed. These
findings suggest that EPT represents an important determi-
nant of overall and low-intensity activities in elite soccer. As
not all MRP variables were affected by EPT, our hypothesis
that MRP would be affected by EPT for players on all playing
positions can only be partly accepted.

The previous study investigating the influence of EPT on
MRP reported that German Bundesliga players covered on
average 10% more TD in matches with long (>65 min) com-
pared to short (<50 min) EPTs (Altmann et al., 2023). The
current study, which included players from multiple countries
and controlled for contextual factors that repeatedly have been
shown to shape MRP (Trewin et al., 2017), revealed similar
findings. Specifically, 9-10% greater TD and LIR were found
in matches with VLEPT compared to those with VSEPT for
CDs, CMs, FBs, and WMs. Although no significant differ-
ences in TD were observed between EPT categories for FWs,
descriptive data indicated a similar trend for these players as
well. This suggests that the absence of statistical significance
is most likely attributable to the smaller sample size for this
position, and the consequently reduced statistical power (Co-
hen, 2013), rather than the absence of a true effect. Therefore,
current findings indicated that EPT exerted a consistent and
position-independent increase of TD and LIR

This is most likely a consequence of the structural char-
acteristics of match-play, where longer EPT is associated with
fewer interruptions and more continuous phases of play (Zhao
& Zhang, 2021). As a result, players spend more time actively
engaged in the game. Given that players spend the majority
of match-play performing low-intensity activities (Kilci et al.,
2025; Wang et al., 2026), these activities inevitably accumu-
late to a greater extent as EPT increases. Irrespective of the
causality, it is more important to highlight similar findings
observed across studies (Altmann et al., 2023). In this context,
the present study extends previous evidence by demonstrating
that the relationship between EPT and MRP remains evident
even after controlling for contextual factors known to influ-
ence MRP, such as match outcome, match location, and oppo-
nent quality (Trewin et al., 2017). Consequently, EPT can be
considered a robust and independent determinant of TD and
LIR in elite soccer.

In contrast to TD and LIR, EPT in the current study was
not found to influence MIR or HIR across any playing po-
sition. This indicates that increases in EPT were reflected in
greater overall activity, primarily through low-intensity run-
ning, while moderate- and high-intensity activities remained
relatively unchanged. A possible explanation is that high-
er-intensity actions are not simply accumulated over time,
but are instead driven by specific tactical situations such as
transitions, runs in behind, or pressing actions (Chmura et
al., 2018; Filter et al., 2023). Therefore, even when matches
involve longer uninterrupted play, the frequency of these ac-
tions may not increase proportionally. Similar patterns have

been reported in previous research, where extended EPT did
not lead to meaningful increases in high-intensity outputs. In
particular, Altmann et al. (2023) in their study reported that
in matches with longer EPT, irrespective of an increase in TD,
higher-intensity actions remained unaffected by EPT.

Importantly, the current study extends such findings
(i.e., that EPT influences TD and LIR but not MIR and HIR)
by demonstrating that this pattern is consistent across teams
competing in different national contexts. This is particularly
relevant, as previous research has typically been limited to a
single domestic league (Altmann et al., 2023), meaning that
findings may be influenced by geographical, cultural, and tac-
tical characteristics specific to that competition (Sapp et al,
2018; Sarmento et al., 2013). By including players from multi-
ple countries, the current study reduces the likelihood that the
observed relationships are context-specific, thereby strength-
ening the generalisability of the results. Therefore, from a
practical perspective, soccer practitioners should consider
EPT when planning and monitoring overall load irrespective
of the context. At the same time, given that MIR and HIR ap-
peared relatively stable, these should be systematically devel-
oped and maintained through training independent of EPT.

This study has several limitations. For methodological
reasons, only players who completed the whole match were
included, which reduced the number of observations and
may have affected MRP outputs. Moreover, match observa-
tions for playing positions were unequal in their sample siz-
es, and this discrepancy likely also influenced the findings.
Although most influential contextual factors were controlled,
additional situational, environmental, and individual fac-
tors which have a strong theoretical background related to
MREP, such as team formation, competitive level, phase of the
season, temperature, humidity, players’ fitness level, should
be considered in future studies (Jerkovic, Modric, & Versic,
2022; Oliveira et al., 2025). For a more comprehensive un-
derstanding of the MRP-associated with EPT, future studies
should analyse acceleration, deceleration, and sprint fre-
quencies, which are valid and key metrics commonly used
to assess physical demands in soccer (Dalen, Loras, Hjelde,
Kjosnes, & Wisleft, 2019).

Conclusion

This study examined the influence of EPT on MRP in
elite soccer players competing in the UCL while controlling
for contextual factors. The main findings indicate that EPT
significantly affects TD and LIR across most playing posi-
tions, whereas no meaningful influence was observed for MIR
and HIR. These results suggest that longer EPT primarily in-
creases the overall physical output of players, mainly through
low-intensity activities, while higher-intensity actions remain
relatively stable. These findings were consistent across players
competing in different national contexts, highlighting that the
observed relationships are not specific to a single competition.
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