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ABSTRACT
KeYWl::ﬂdS This study examined variations in match physical performances of
Football,
Meta‘t?c?]icpower, Turkish Super League soccer players over four consecutive seasons,
Playing position, considering playing position. Data were derived from 1224 different
Time-motion analysis, Lo . .
Seasonal changes match indices for 17997 observations of 25 different teams. These data
were collected over the four seasons from 2015-16 to 2018-19 utilizing a
Atticle History multi-camera computerized tracking system. Playing positions were
Received 20 December 2023 categorized as follows: central defender (CD), external defender (ED),
Revised 17 March 2024 s - 1cs
Accepted 19 March 2024 central midfielder (CM), external midfielder (EM), and forward (FWR).
Available Online29 April 2024 The data analysed covered total distance, as well as distances covered in
the following conditions: high-speed running (HSR, 20-23.9 km.h?),
sprinting (> 24 km.h1), high metabolic power (HMP; from 20 to 35 W kg-
1), elevated metabolic power (EMP; from 35 to 55 W kg), and maximal
* Corresponding Author: metabolic power (MMP; > 55 W kg1). Players in the CM position were
Alper ASCI found to cover a significantly greater total distance, as well as
E-mail Address:
alperasci@halic.edu.tr significantly greater HMP and EMP distances than all other positions. In

contrast, those in EM and ED positions engaged in significantly greater
high-speed running and sprint distance than all other positions (p<0.05).
Decreases were found in the distances covered in the different running
speed zones and metabolic power zones for all positions over the seasons
from 2015-16 to 2018-19. These findings show that the positional roles of
the players entail different physical demands. Therefore, it is
recommended that coaches consider the physical demands of the
positions and seasonal variation when creating training programs for

players.
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Match Physical Performance in Turkish Super League Asq1, Koklii & Alemdaroglu

INTRODUCTION

Match performance in elite soccer is based on the players' different physical, mental,
technical, and tactical capacities and cognitive skills (Brito Souza et al., 2020; Roca et al., 2013;
Sarmento et al., 2018). The increase in the number of matches and high-intensity activities in
soccer has made it necessary for players to be more physically developed. To improve physical
capacities, it is necessary for coaches to accurately determine not just internal load (heart rate,
blood lactate, and rating of perceived exertion) but also external load (distance covered in
different speed zones) induced by matches and training. Thanks to new technologies such as
GPS and multi-camera computerized tracking systems, it is straightforward to determine
distances covered and estimated energy expenditure by players in matches and training
(Buchheit et al., 2015; Carling, 2013). In this way, training plans can be created that align with
the structure of matches and the consequent demands on players during matches.

Examining the demands of a match, it is important for soccer players to develop high
levels of aerobic endurance, attributable to walking, jogging, low-intensity running, and
overall playing time during matches, as well as anaerobic endurance needed for high-intensity
activities such as running, jumping, sudden changes of direction, acceleration, deceleration,
and sprinting (Morgans et al., 2014). Elite players cover an average distance of 8600-14200m
during matches (Di Salvo et al., 2007; Rienzi et al., 2000; Rivilla-Garcia et al., 2019). At least 10
% of the distance covered involves high-speed running and sprinting (Andrzejewski et al.,
2016; Stelen et al., 2005). Distances also vary by position, with central midfielders, on average,
covering greater total distances than central defenders, wide defenders, and attackers
(Rampinini et al., 2007), while a greater proportion of the distance covered in matches by
attackers involves sprinting compared to defenders and midfielders.

Although the traditional running speed-based approach (distance covered in high-
speed running or sprinting) is considered valid for evaluating high-intensity activities in a
match, it does not fully represent the physical demands of soccer, as it does not include
acceleration phases, especially in high-intensity running and high-energy activities performed
without reaching high speeds (Coutts et al., 2015; Kempton et al., 2015). For example, during
a match, players also perform acceleration and deceleration activities around 500-700 times
(Castagna et al., 2017). Therefore, to understand the demands of the players during the match,
the distance of players have covered at different speed zones in the match as well as the
metabolic power can be estimated. This estimate involves a theoretical model based on

calculating metabolic power, estimation of energy consumption used in accelerations and
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decelerations performed in a soccer drill or match (Coutts et al., 2015). Manzi et al. (2014)
showed large to very large correlations between match metabolic power categories and
aerobic fitness components in elite male soccer players. In recent years, this theoretical model
has been used in team sports such as soccer (Hoppe et al., 2017; Venzke et al., 2023), rugby
(Dubois et al., 2017), and hockey (Polglaze et al., 2018) to monitor training load.

Many studies in the literature have compared the distances covered by soccer players
in different playing positions across different leagues including the English Premier League
(Di Salvo et al., 2013; E. Rampinini et al., 2007), Serie A in Italy (Rampinini et al., 2009), the
German Bundesliga (Andrzejewski et al., 2016), La Liga in Spain (Lago-Pefias et al., 2023;
Rivilla-Garcia et al., 2019), the French First League (Dellal et al., 2010), the Russian Premier
League (Morgans et al., 2022) and the Chinese Super League (Gai et al., 2019). Only one study
with small sample size, Akyildiz et al. (2022) compared the distance covered in running speed
and metabolic power zones of players playing in different positions in two teams in the
Turkish Super League. However, studies up to this point have not compared all players in the
Turkish Super League. There is also no comprehensive study in the literature comparing
metabolic power demands of soccer players in different playing positions, or from a
longitudinal perspective over several seasons. The present study aimed to address the
resulting lack in our knowledge by comparing the metabolic power demands and distances
covered at different speed zones for different positions and to do this over four seasons to
determine the extent of variation seen in Turkish Super League soccer players. It was
hypothesized that there would be differences in metabolic power variables and distances
covered at different speed zones according to position and that these might vary over the

seasons.

METHODS

Participants

A computerized multiple-camera tracking system was used to evaluate the match
physical performance. Match physical performance data were collected from the 2015-16
season (age: 27.3 + 1.1 years; ball possession time: 51:22 + 4:22 min), 2016-17 season (age: 27.4
+ 1.2 years; ball possession time: 52:26 + 4:32 min), 2017-18 season (age: 28.1 £ 1.1 years; ball
possession time: 53:48 + 4:10 min), and 2018-19 season (age: 28.3 + 1.2 years; ball possession
time: 53:31 * 4:47 min) of the Turkish Super League. Data were derived from 1224 different
matches based on 17997 observations of 25 different teams. Data was only examined for

players who played the full 90 minutes of the match, excluding those who were substituted or
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were substitutes themselves. Playing positions were categorized as central defender, external
defender, central midfielder, external midfielder, and forward (see Table 1). The study was

approved by the Pamukkale University ethics committee (Number: 217385 and year: 2022).

Table 1
Number of Observations by Playing Position for Each Season
ere 2015-2016 2016-2017 2017-2018 2018-2019
Positions Total
Season Season Season Season
Central
Defenders 1097 1115 1114 1045 4371
(no)
External
Defenders 1139 1057 1072 1108 4376
(no)
Central
Midfielders 1141 1304 1306 1356 5107
(no)
External
Midfielders 515 573 593 638 2319
(no)
Forwards 448 478 416 482 1824
(no)
Total (no) 4340 4527 4501 4629 17997

Note. no: Number of Observations

Procedures

Match Analysis System

Match performance data were collected by using a computerized multiple-camera
tracking system (Sentioscope®, Sentio, Turkey). This system uses two high-definition internet
protocol cameras to record action on the soccer field; one camera is adjusted to capture the left
half, and the other is adjusted to capture the right half. This system allows the collection of the
data of all the players involved in the match. Baysal and Duygulu (2016) have demonstrated
that Sentioscope® is an effective tracking system for examining soccer players' movement

patterns on a soccer field.

Match Performance Parameters

The data were analysed according to total distance and 2 speed zones: High-speed
running (HSR, 20-23.9 km.h1), and sprinting (> 24 km.h). In addition, three metabolic power
categories were defined: high metabolic power (HMP; from 20 to 35 W kg?), elevated
metabolic power (EMP; from 35 to 55 W kg1), and maximal metabolic power (MMP; > 55
W kg?; Osgnach et al., 2010).

191

Pamukkale J Sport Sci, 15(1), 188-202, 2024



Match Physical Performance in Turkish Super League Asq1, Koklii & Alemdaroglu

Data Analysis

All data are reported as means and standard deviations. Before using parametric tests,
the assumption of normality was verified using the Shapiro-Wilk test. A one-way analysis of
variance (ANOVA) was performed on each dependent variable (total distance, HSR, sprinting,
HMP, EMP, and MMP), including the objective measures of match running performance
across the five playing positions and the four completed seasons. Where a significant
difference was detected, the Tukey HSD post hoc test for pairwise comparisons was
conducted. The level of statistical significance was set at p <0.05. Effect size (ES) was also
calculated to determine the meaningfulness of the difference, with magnitudes classified as

trivial (<0.01), small (0.01), moderate (0.05), and large (> 0.15; Cohen, 1988).

RESULTS

Positional Differences in Match Distances

The total distances covered at different speed zones according to the different playing
positions are shown in Table 2. The results show significant differences between the different
playing positions in terms of total distances covered, HSR distances, and sprint distances (F =
1876.3; p = 0.001; large effect: 0.293; F = 1819.3; p = 0.001; large effect: 0.287; F = 1481.2; p =
0.001; large effect: 0.247, respectively). CM covered significantly higher total distance than EM,
ED, FWR and CD (4.0%, 4.9%, 7.9% and 10.2% more, respectively). At the same time, EM
covered significantly higher HSR distance than ED, FWR, CM, and CD (7.5%, 13.0%, 16.2%,
39.8%, respectively) as well as significantly higher sprint distances than ED, FWR, CM, and
CD (11.1%,17.0%, 33.7%, 46.3%, respectively).

Positional Differences in Match Metabolic Power Distances

Total covered distances at different metabolic power zones for various playing
positions are also shown in Table 2. These reveal significant differences between the different
playing positions in terms of distances covered at HMP (F = 2225.6; p = 0.001; large effect:
0.331), EMP (F = 1608.7; p = 0.001; large effect: 0.263), and MMP (F = 1144.2; p = 0.001; large
effect: 0.202). CM significantly covered distance at higher HMP than ED, EM, FWR, and CD
(13.6%,14.2%,22.7%, 25.4%, respectively) as well as significantly higher distances at EMP than
EM, ED, FWR, and CD (4.3%, 5.7%, 12.1%, 26.5%, respectively). MMP distances, EM covered
significantly more than FWR, ED, CM, and CD (6.7%, 8.6%, 18.1%, 31.3%, respectively).
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Table 2
Mean Covered Distances at Different Speeds Zones and in Different Metabolic Power Zones for Each Playing Position
Variables CD (1) ED (2) CM (3) EM (4) FWR (5) POST HOC ES
Total FH:)S“““ 9816.04504.6  10399.24596.1  10933.0+668.9  10494.6+756.1  10072.94852.0 3>1,2,4,5,4>1,2,5;2>1,5; 5>1* 0.293
High Speed
Running (HSR) 503.4+139.5 773.4+194.6 700.6+188.8 836.1+£198.0 727.3+178.2 4>1,2,3,5;2>1,3,5;5>1, 3; 3>1* 0.287
Distance (m)
Spr‘“t(r?l;smnce 178.0+73.6  294.8+103.2 220.0+90.2 331.6+114.7 2753+97.6 4>1,2,3,5;,2>1,3,5;5>1, 3; 3>1* 0.247
High Metabolic
Power Distance  1379.1+187.4 1596.3+249.1 1847.84291.3 1585.5+275.3 1428.1+277.7 3>1,2,4,5,2>1,5,4>1,5;, 5> 1* 0.331
(m)
Elevated
Metabolic
Power 535.3+95.4 687.1£129.8 728.5+137.3 696.9+126.7 640.61127.4 3>1,2,4,5,4>1,2,5,2>1,5;,5>1* 0.263
distances (m)
Max Metabolic
Power distance 300.4+80.1 399.6+93.3 358.1+95.1 437.4+101.3 407.9+103.2 4>1,2,3,5,;5>1,2,3;,2>1,3>1* 0.202
(m)
Note. Central Defenders: CD; External Defenders: ED; Central Midfielders: CM; External Midfielders: EM; Forwards: FWR; * p<0.05
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Seasonal Variations in Match Distances

Figure 1 shows variations across the four seasons for the different playing positions
examined in terms of total distance covered and distance covered in HSR and sprinting zones.
If we consider this position by position, CD covered significantly higher total distance (F =
28.392, p = 0.001, small effect: 0.019), HSR distance (F = 51.597, p = 0.001, small effect: 0.034),
and sprint distance (F = 27.182, p = 0.001, small effect: 0.018) in the 2015-16 and 2016-17 seasons
compared to the 2017-18 and 2018-19 seasons.

Looking at the picture for ED, they covered significantly higher total distances (F =
5.031, p = 0.002, trivial effect: 0.003) in the 2016-17 season than in the 2015-16 and 2017-18
seasons. They also covered significantly higher HSR distances (F = 19.944, p = 0.001, small
effect: 0.013) and sprint distances (F = 24.941, p = 0.001, small effect: 0.016) in the 2015-16 and
2016-17 seasons than in 2017-18 and 2018-19.

In terms of midfielders, CM covered significantly higher total distances (F = 24.158, p
= 0.001, small effect: 0.014) in the 2016-17 season than the other three seasons. They also
covered significantly higher HSR distance (F =11.398, p = 0.001, trivial effect: 0.006) and sprint
distance (F = 8.511, p = 0.001, trivial effect: 0.004) in 2015-16 than in both 2017-18 and 2018-19.
As for EM, they covered significantly higher total distance (F = 4.914, p = 0.002, trivial effect:
0.006) in 2016-17 compared to 2018-19 as well as significantly higher HSR distances (F =10.992,
p = 0.001, small effect: 0.014), and sprint distance (F = 7.359, p = 0.001, trivial effect: 0.009) in
2015-16, 2016-17, and 2017-18 than in the 2018-19 season. Finally, FWR covered significantly
higher total distances (F = 7.639, p = 0.001, small effect: 0.012), HSR distances (F = 4.470, p =
0.004, trivial effect: 0.007), and sprint distance (F = 3.245, p = 0.021, trivial effect: 0.005) in 2015-
16 than in 2017-18.

Seasonal Variations in Match Metabolic Power Distances

Figure 1 also shows seasonal variations for the different positions in terms of HMP,
EMP, and MMP distances across the four seasons considered here. The results for defenders
show that CD covered significantly higher HMP distances (F = 14.146, p = 0.001, trivial effect:
0.009), EMP distances (F = 85.763, p = 0.001, moderate effect: 0.055), and MMP distances (F =
220.973, p = 0.001, moderate effect: 0.131) in 2015-16 and 2016-17 than in 2017-18 and 2018-19.
Meanwhile, ED covered significantly higher HMP distances (F = 3.237, p = 0.021, trivial effect:
0.002) in 2016-17 than in 2015-16 and significantly higher EMP distance (F = 16.408, p = 0.001,
small effect: 0.011), and MMP distance (F = 190.478, p = 0.001, moderate effect: 0.115) in 2015-
16, 2016-17, and 2017-18 seasons covered than in 2018-19.
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Figure 1
Variations by Season for Various Playing Positions in Terms of Distances Covered at Different Speeds and in Different Metabolic Power Zones
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As for midfielders, CM covered significantly higher HMP distance (F = 33.391, p =
0.001, small effect: 0.019), and MMP distance (F = 1193.561, p = 0.001, moderate effect: 0.102)
in 2015-16 and 2016-17 compared to 2017-18 and 2018-19 and significantly higher EMP
distance (F = 31.689, p = 0.001, small effect: 0.018) in 2015-16, 2016-17 and 2017-18 than in 2018-
19 season. Focusing on the EM position, they covered significantly higher HMP distance (F =
3.919, p = 0.008, trivial effect: 0.005) in 2016-17 than in 2018-19 while covering significantly
higher EMP distance (F = 12.914, p = 0.001, small effect: 0.016), and MMP distance (F = 59.213,
p = 0.001, moderate effect: 0.071) in 2015-16, 2016-17, and 2017-18 than in 2018-19. Finally, the
results for FWR show that they covered significantly higher HMP (F = 7.503, p = 0.001, small
effect: 0.012), EMP (F = 4.690, p = 0.003, trivial effect: 0.007), and MMP distances (F = 31.971, p
= 0.001, moderate effect: 0.050) in 2015-16 and 2016-17 than in 2017-18.

DISCUSSION

This study investigated the seasonal variation in match physical performances of
soccer players in different positions in the Turkish Super League from 2015-16 to 2018-19. The
study's main findings are statistically significant differences in the distances covered by
different playing positions at different running speeds and metabolic power zones both
overall and, in some cases, between different seasons.

Our findings show that, as expected, there are differences between playing positions
in terms of distances covered at different running speeds and overall distance covered.
Unsurprisingly, players in the CM position were found to cover a statistically significantly
greater total distance than all other positions. In contrast, those playing as CD covered the
lowest total distance of all the positions. Interestingly, EM and ED covered statistically
significantly greater high-intensity running and sprint distances than other positions. In
contrast, CD covered the lowest distances in these speed zones. These results are in line with
those of previous studies (Di Salvo et al., 2007; E. Rampinini et al., 2007; Rivilla-Garcia et al.,
2019). The differences between positions can be associated with each position's tactical role.
CM players, for example, need to cover a more extensive area than other positions since their
role is to contribute to defense and offense. EMs and EDs, meanwhile, need to perform more
high-speed runs than other positions to get to the correct position in the match, both
offensively and defensively.

However, the distances covered by players in various speed zones during a soccer
match are insufficient to fully explain the metabolic demands imposed (Manzi et al., 2014).

Therefore, this study is also important in that it provides findings regarding the metabolic
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power distances for players during matches. These findings show that CMs cover the greatest
distance at HMP and EMP, while CDs cover the lowest distance. In a similar study with a
small sample size, Akyildiz et al. (2022) reported that the CD had the lowest values for the
overall metabolic power distances, while the CM had the greatest distances in the Turkish
Super League. Venzke et al. (2023) found results in line with current study findings in the
German Bundesliga league. In addition, our study findings are consistent with those of
Gaudino et al. (2013), who found in a 10-week observation of elite soccer players that CM
covered higher HMP, EMP, and MMP distances in training than other positions. These
findings demonstrate that the CM position requires more HMP activities than all other
positions during the match.

The present study results showed a significant decrease in HSR distance (%6.4) and
sprint distance (%8.4). In contrast, total distance did not change between seasons in the 2015-
16 and 2018-19 seasons in the Turkish Super League. Partially parallel to the present study
findings, Morgans et al. (2022) stated that although total distance (%6.1), HIR (%20.2) and
sprint distance (%25.5) showed an increase from 2016-17 to the 2018-2019 season, total
distance (%3.0), HIR (%9.8) and sprint distance (%9.3) showed a clear decrease between 2018-
2019 and 2020-2021 seasons in the Russian Premier League. On the other hand, some of these
findings are somewhat surprising when compared to the findings of Bush et al. (2015), which
revealed significant increases in HSR distance (24-36%) and sprint distance (~ 50%), and only
minor changes in total distance for all positions between 2006-07 and 2012-13 in the English
Premier League. In another study, Lago-Penas et al. (2023) showed that the number of HSR
(%11.5) and HSR distance (%5.7) significantly increased between the 2012-2013 and 2019-2020
seasons in the Spanish La Liga. These results demonstrate that although the ball possession
time has increased (from 51:22 to 53:31 min), the physical demands of the Turkish Super
League decreased from 2015-16 to 2018-19 seasons, in contrast to the English Premier League
and the Spanish La Liga. One of the reasons for these results may be that the average age in
the Turkish Super League increased from 2015-2016 (27.3 years) to 2018-2019 (28.1 years). Sal
de Rellan-Guerra et al. (2019) revealed that older professional soccer players showed
significantly lower physical performance in total distance, number of HSR, and number of
sprints than younger players. In addition, some technical parameters, such as the rhythm of
the game and the speed of the ball during the ball possessions, may be one of the reasons for
these results. Another reason for this result could be that the physical capacity of Turkish
Super League players did not change from the 2015-16 to the 2018-19 season. Because previous

studies have indicated that total, HSR and sprint distances covered in matches are strongly
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related to the physical capacity of professional soccer players (Modric et al., 2021; Radziminski
et al., 2020; Redkva et al., 2018).

This is the first study to examine the variation in the performance of soccer players in
different positions over several seasons using the metabolic power approach. The present
study shows significant decreases in EMP (excluding FWR) and MMP for all positions during
four seasons, from 2015-16 to 2018-19 in the Turkish Super League. On the other hand, there
are significant decreases for CD, EM, and CM in HMP, while the change in HMP is not
significant for ED and FWR. These results may be that the coaches did not create training
programs that considered the metabolic demands of the match. Therefore, coaches should
remember that players should add drills in their training programs to increase their metabolic
power distance and their traditional running-based distances.

The limitation of this study is that variables such as team formations, match outcome
(win, draw, or loss), match location (home or away), and interactions between players were
not examined. It should be noted that each of these variables can cause players to cover

different distances in their positions.

CONCLUSION

The current study shows positional differences in the distance covered at different
running speeds and metabolic power zones during matches. Our findings show in more detail
than previously provided the extent to which the positional roles of the players entail different
physical demands. Therefore, it is recommended that coaches consider the physical demands
of different positions to recreate appropriate training loads.

Monitoring the variation in physical match data of a player, a position, or a team over
a number of seasons can also provide information that can guide coaches to update their
training programs. Our study shows that there was no consistent increase in the distances
covered in the different running speed zones or in metabolic power zones of all positions
across the 2015-16 and 2018-19 seasons in the Turkish Super League. Thus, it should be
remembered that while creating their training programs, coaches should choose their training

drills based on the tactical strategies, the playing positions, and the demand of players.

Acknowledgements
The authors would like to thank the Sentio company (Turkey) for their assistance with

the data acquisition.

198

Pamukkale J Sport Sci, 15(1), 188-202, 2024



Match Physical Performance in Turkish Super League Asq1, Koklii & Alemdaroglu

Authors’ contribution

The first and second authors have given the design of the manuscript, first and third
authors to acquire, analyzed and interpret the data. All authors participated to drafting the
manuscript, first and second authors revised it critically. All authors read and approved the

final version of the manuscript.

Declaration of conflict interest

The authors have no conflicts of interest to report.

Ethics Statement
The study was approved by the Pamukkale University ethics committee (Number:
217385 and year: 2022).

REFERENCES

Akyildiz, Z., Cene, E., Parim, C., Cetin, O., Turan, C., Yiiksel, Y., Silva, R, Silva, A. F., & Nobari,
H. (2022). Classified metabolic power-based measures in professional football players:
comparison between playing positions and match period. BMC Sports Science, Medicine
and Rehabilitation, 14(1). https://doi.org/10.1186/s13102-022-00541-y

Andrzejewski, M., Konefat, M., Chmura, P., Kowalczuk, E., & Chmura, J. (2016). Match
outcome and distances covered at various speeds in match play by elite German soccer
players. International Journal of Performance Analysis in Sport, 16(3), 817-828.
https:/ /doi.org/10.1080/24748668.2016.11868930

Baysal, S., & Duygulu, P. (2016). Sentioscope: A Soccer Player Tracking System Using Model
Field Particles. IEEE Transactions on Circuits and Systems for Video Technology, 26(7).
https://doi.org/10.1109/TCSVT.2015.2455713

Brito Souza, D., Lépez-Del Campo, R., Blanco-Pita, H., Resta, R., & Del Coso, J. (2020).
Association of match running performance with and without ball possession to football
performance. International Journal of Performance Analysis in Sport, 20(3), 483-494.
https://doi.org/10.1080/24748668.2020.1762279

Buchheit, M., Manouvrier, C., Cassirame, J., & Morin, J. B. (2015). Monitoring locomotor load
in soccer: Is metabolic power, powerful? International Journal of Sports Medicine, 36(14),
1149-1155. https:/ /doi.org/10.1055/s-0035-1555927

Bush, M., Barnes, C., Archer, D. T., Hogg, B., & Bradley, P. S. (2015). Evolution of match
performance parameters for various playing positions in the English Premier League.
Human Movement Science, 39. https://doi.org/10.1016/j.humov.2014.10.003

Carling, C. (2013). Interpreting physical performance in professional soccer match-play:
Should we be more pragmatic in our approach? Sports Medicine, 43(8), 655-663.
https:/ /doi.org/10.1007/s40279-013-0055-8

Castagna, C., Varley, M., Pévoas, S. C. A., & D’Ottavio, S. (2017). Evaluation of the match
external load in soccer: Methods comparison. International Journal of Sports Physiology
and Performance. https:/ /doi.org/10.1123/ijspp.2016-0160

199

Pamukkale J Sport Sci, 15(1), 188-202, 2024


https://doi.org/10.1186/s13102-022-00541-y
https://doi.org/10.1080/24748668.2016.11868930
https://doi.org/10.1109/TCSVT.2015.2455713
https://doi.org/10.1080/24748668.2020.1762279
https://doi.org/10.1055/s-0035-1555927
https://doi.org/10.1016/j.humov.2014.10.003
https://doi.org/10.1007/s40279-013-0055-8
https://doi.org/10.1123/ijspp.2016-0160

Match Physical Performance in Turkish Super League Asq1, Koklii & Alemdaroglu

Cohen, J. (1988). Statistical power analysis for the behavioural sciences. Hillside. In NJ:
Lawrence  Earlbaum  Associates (pp. 278-280). https://doi.org/10.1111/1467-
8721.ep10768783

Coutts, A. J., Kempton, T., Sullivan, C., Bilsborough, J., Cordy, J., & Rampinini, E. (2015).
Metabolic power and energetic costs of professional Australian Football match-play.
Journal of Science and Medicine in Sport, 18(2), 219-224.
https://doi.org/10.1016/].jsams.2014.02.003

Dellal, A., Wong, D. P., Moalla, W., & Chamari, K. (2010). Physical and technical activity of
soccer players in the French first league- with special reference to their playing
position. International SportMed Journal, 11(2). https://doi.org/10.10520/E]C48393

Di Salvo, V., Baron, R., Tschan, H., Calderon Montero, F. J., Bachl, N., & Pigozzi, F. (2007).
Performance characteristics according to playing position in elite soccer. International
Journal of Sports Medicine, 28(3), 222-227. https:/ /doi.org/10.1055/5-2006-924294

Di Salvo, V., Pigozzi, F., Gonzalez-Haro, C., Laughlin, M. S., & De Witt, J. K. (2013). Match
performance comparison in top English soccer leagues. International Journal of Sports
Medicine, 34(6). https:/ /doi.org/10.1055/s-0032-1327660

Dubois, R., Paillard, T., Lyons, M., McGrath, D., Maurelli, O., & Prioux, J. (2017). Running and
metabolic demands of elite rugby union assessed using traditional, metabolic power,
and heart rate monitoring methods. Journal of Sports Science and Medicine, 16(1).

Gai, Y., Leicht, A. S, Lago, C., & Gémez, M. A. (2019). Physical and technical differences
between domestic and foreign soccer players according to playing positions in the
China Super League. Research in Sports Medicine, 27(3).
https:/ /doi.org/10.1080/15438627.2018.1540005

Gaudino, P., laia, F. M., Alberti, G., Strudwick, A. J., Atkinson, G., & Gregson, W. (2013).
Monitoring training in elite soccer players: Systematic bias between running speed and
metabolic power data. International Journal of Sports Medicine, 34(11).
https:/ /doi.org/10.1055/5-0033-1337943

Hoppe, M. W., Baumgart, C., Slomka, M., Polglaze, T., & Freiwald, J. (2017). Variability of
Metabolic Power Data in Elite Soccer Players during Pre-Season Matches. Journal of
Human Kinetics, 58(1). https:/ /doi.org/10.1515/hukin-2017-0083

Kempton, T., Sirotic, A. C., Rampinini, E., & Coutts, A. ]J. (2015). Metabolic power demands of
rugby league match play. International Journal of Sports Physiology and Performance, 10(1),
23-28. https:/ /doi.org/10.1123 /ijspp.2013-0540

Lago-Pefias, C., Lorenzo-Martinez, M., Lopez-Del Campo, R., Resta, R., & Rey, E. (2023).
Evolution of physical and technical parameters in the Spanish LaLiga 2012-2019.
Science and Medicine in Football, 7(1), 41-46.
https:/ /doi.org/10.1080/24733938.2022.2049980

Manzi, V., Impellizzeri, F., & Castagna, C. (2014). Aerobic fitness ecological validity in elite
soccer players: A metabolic power approach. Journal of Strength and Conditioning
Research, 28(4), 914-919. https:/ /doi.org/10.1519/]SC.0000000000000239

Modric, T., Versic, S., & Sekulic, D. (2021). Relationship between Yo-Yo Intermittent
Endurance Test-Level 1 and Match Running Performance in Soccer: Still on the Right
Path? Polish Journal of Sport and Tourism, 28(4). https:/ /doi.org/10.2478 / pjst-2021-0021

200

Pamukkale J Sport Sci, 15(1), 188-202, 2024


https://doi.org/10.1111/1467-8721.ep10768783
https://doi.org/10.1111/1467-8721.ep10768783
https://doi.org/10.1016/j.jsams.2014.02.003
https://doi.org/10.10520/EJC48393
https://doi.org/10.1055/s-2006-924294
https://doi.org/10.1055/s-0032-1327660
https://doi.org/10.1080/15438627.2018.1540005
https://doi.org/10.1055/s-0033-1337943
https://doi.org/10.1515/hukin-2017-0083
https://doi.org/10.1123/ijspp.2013-0540
https://doi.org/10.1080/24733938.2022.2049980
https://doi.org/10.1519/JSC.0000000000000239
https://doi.org/10.2478/pjst-2021-0021

Match Physical Performance in Turkish Super League Asq1, Koklii & Alemdaroglu

Morgans, R., Orme, P., Anderson, L., & Drust, B. (2014). Principles and practices of training
for soccer. In Journal of Sport and Health Science (Vol. 3, Issue 4, pp. 251-257).
https:/ /doi.org/10.1016/].jshs.2014.07.002

Morgans, R., Orme, P., Bezuglov, E., & Di Michele, R. (2022). Technical and physical
performance across five consecutive seasons in elite European Soccer. International
Journal of Sports Science and Coaching, 18(3), 839-847.
https://doi.org/10.1177/17479541221089247

Osgnach, C., Poser, S., Bernardini, R., Rinaldo, R., & Di Prampero, P. E. (2010). Energy cost and
metabolic power in elite soccer: A new match analysis approach. Medicine and Science
in Sports and Exercise, 42(1), 170-178. https:/ /doi.org/10.1249/MSS.0b013e3181ae5cfd

Polglaze, T., Dawson, B., Buttfield, A., & Peeling, P. (2018). Metabolic power and energy
expenditure in an international men’s hockey tournament. Journal of Sports Sciences,
36(2). https:/ /doi.org/10.1080/02640414.2017.1287933

Radziminski, L., Szwarc, A., Padrén-Cabo, A., & Jastrzebski, Z. (2020). Correlations between
body composition, aerobic capacity, speed and distance covered among professional
soccer players during official matches. Journal of Sports Medicine and Physical Fitness,
60(2). https:/ /doi.org/10.23736 /50022-4707.19.09979-1

Rampinini, E., Coutts, A. J., Castagna, C., Sassi, R., & Impellizzeri, F. M. (2007). Variation in
top level soccer match performance. International Journal of Sports Medicine, 28(12),
1018-1024. https:/ /doi.org/10.1055/5-2007-965158

Rampinini, Ermanno, Impellizzeri, F. M., Castagna, C., Coutts, A. ]., & Wisleff, U. (2009).
Technical performance during soccer matches of the Italian Serie A league: Effect of

fatigue and competitive level. Journal of Science and Medicine in Sport.
https:/ /doi.org/10.1016/j.jsams.2007.10.002

Redkva, P. E., Paes, M. R,, Fernandez, R., & Da-Silva, S. G. (2018). Correlation between Match
Performance and Field Tests in Professional Soccer Players. Journal of Human Kinetics,
62(1). https:/ /doi.org/10.1515/hukin-2017-0171

Rienzi, E., Drust, B., Reilly, T., Carter, J]. E. L, & Martin, A. (2000). Investigation of
anthropometric and work-rate profiles of elite South American international soccer
players. Journal of Sports Medicine and Physical Fitness, 40(2), 162-169.
https:/ /doi.org/10.1055/5-00000028

Rivilla-Garcia, J., Calvo, L. C., Jiménez-Rubio, S., Paredes-Herndndez, V., Muiioz, A., Tillaar,
R. Van Den, & Navandar, A. (2019). Characteristics of Very High Intensity Runs of
Soccer Players in Relation to Their Playing Position and Playing Half in the 2013-14
Spanish la Liga Season. Journal of Human Kinetics, 66(1), 213-222.
https:/ /doi.org/10.2478 /hukin-2018-0058

Roca, A., Ford, P. R., McRobert, A. P., & Williams, A. M. (2013). Perceptual-cognitive skills and
their interaction as a function of task constraints in soccer. Journal of Sport and Exercise
Psychology, 35(2). https://doi.org/10.1123 /jsep.35.2.144

Sal de Rellan-Guerra, A., Rey, E., Kalén, A., & Lago-Pefias, C. (2019). Age-related physical and
technical match performance changes in elite soccer players. Scandinavian Journal of
Medicine and Science in Sports, 29(9). https:/ /doi.org/10.1111/sms.13463

Sarmento, H., Anguera, M. T., Pereira, A., & Aratjo, D. (2018). Talent Identification and
Development in Male Football: A Systematic Review. Sports Medicine, 48(4).
https:/ /doi.org/10.1007/s40279-017-0851-7

201

Pamukkale J Sport Sci, 15(1), 188-202, 2024


https://doi.org/10.1016/j.jshs.2014.07.002
https://doi.org/10.1177/17479541221089247
https://doi.org/10.1249/MSS.0b013e3181ae5cfd
https://doi.org/10.1080/02640414.2017.1287933
https://doi.org/10.23736/S0022-4707.19.09979-1
https://doi.org/10.1055/s-2007-965158
https://doi.org/10.1016/j.jsams.2007.10.002
https://doi.org/10.1515/hukin-2017-0171
https://doi.org/10.1055/s-00000028
https://doi.org/10.2478/hukin-2018-0058
https://doi.org/10.1123/jsep.35.2.144
https://doi.org/10.1111/sms.13463
https://doi.org/10.1007/s40279-017-0851-7

Match Physical Performance in Turkish Super League Asq1, Koklii & Alemdaroglu

Stelen, T., Chamari, K., Castagna, C., & Wisloff, U. (2005). Physiology of soccer: An update. In
Sports Medicine (Vol. 35, Issue 6, pp. 501-536). https://doi.org/10.2165/00007256-
200535060-00004

Venzke, ]., Weber, H., Schlipsing, M., Salmen, J., & Platen, P. (2023). Metabolic power and
energy expenditure in the German Bundesliga. Frontiers in Physiology, 14, 1-9.
https://doi.org/10.3389/ fphys.2023.1142324

202

Pamukkale J Sport Sci, 15(1), 188-202, 2024


https://doi.org/10.2165/00007256-200535060-00004
https://doi.org/10.2165/00007256-200535060-00004
https://doi.org/10.3389/fphys.2023.1142324



