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Abstract 

Introduction: Football demands a balance of aerobic and anaerobic energy systems, varying by 
playing position. Midfielders rely on aerobic endurance for sustained movement, while strikers 
and wingers depend on anaerobic pathways for repeated sprints. Defenders and goalkeepers 
require anaerobic power for aerial duels and explosive actions. Understanding these demands 
is essential for optimizing training. 
Objective: This study analyzed the metabolic demands and physical performance of collegiate 
football players across positions, focusing on endurance, speed, vertical jump, and agility. 
Methodology: Forty collegiate football players (goalkeepers, defenders, midfielders, strikers) 
underwent field tests: the 12-Minute Cooper Test (endurance), 50-Meter Sprint Test (speed), 
Sargent Jump Test (anaerobic power), and Illinois Agility Test. One-way ANOVA and post hoc 
analysis assessed positional differences. 
Results: Significant differences (p < 0.001) were found. Midfielders had superior endurance 
(3306.6 ± 80.2 mt), strikers were fastest (6.43 ± 0.09 sec), goalkeepers had the highest vertical 
jump (64.6 ± 1.07 cm), and strikers displayed the best agility (14.28 ± 0.58 sec). 
Discussion: Results confirm distinct physiological profiles. Midfielders prioritize endurance, 
while strikers and defenders rely on anaerobic power and speed. 
Conclusion: Position-specific training is crucial for optimizing performance and reducing injury 
risk. Future research should integrate match-specific GPS and metabolic profiling for deeper 
insights. 

Keywords 

Aerobic system; anaerobic system; energy system utilization; metabolic demands; position-
specific training. 

Resumen 

Introducción: El fútbol requiere un equilibrio entre los sistemas energéticos aeróbico y anaeró-
bico, variando según la posición de juego. Los centrocampistas dependen de la resistencia ae-
róbica para el movimiento sostenido, mientras que los delanteros y extremos utilizan vías ana-
eróbicas para sprints repetidos. Defensores y porteros necesitan potencia anaeróbica para due-
los aéreos y acciones explosivas. Comprender estas demandas es esencial para optimizar el en-
trenamiento. 
Objetivo: Este estudio analizó las demandas metabólicas y el rendimiento físico de futbolistas 
universitarios según su posición, enfocándose en resistencia, velocidad, salto vertical y agilidad. 
Metodología: Cuarenta futbolistas universitarios (porteros, defensores, centrocampistas y de-
lanteros) realizaron pruebas de campo: Test de Cooper de 12 minutos (resistencia), Sprint de 
50 metros (velocidad), Test de Salto Sargent (potencia anaeróbica) y Test de Agilidad Illinois. 
Se empleó ANOVA unidireccional y análisis post hoc para evaluar diferencias posicionales. 
Resultados: Se encontraron diferencias significativas (p < 0.001). Los centrocampistas destaca-
ron en resistencia (3306.6 ± 80.2 m), los delanteros fueron más rápidos (6.43 ± 0.09 s), los por-
teros lograron mayor salto vertical (64.6 ± 1.07 cm) y los delanteros mostraron mejor agilidad 
(14.28 ± 0.58 s). 
Discusión: Los resultados confirman perfiles fisiológicos distintos. Los centrocampistas priori-
zan la resistencia, mientras que delanteros y defensores dependen de la potencia anaeróbica y 
la velocidad. 
Conclusión: El entrenamiento específico por posición es clave para optimizar el rendimiento y 
reducir el riesgo de lesiones. Investigaciones futuras deberían integrar GPS y perfiles metabó-
licos en competición para un análisis más profundo.  

Palabras clave 

Sistema aeróbico; sistema anaeróbico; utilización del sistema energético; demandas metabóli-
cas; entrenamiento específico por posición.

  

Metabolic demands and physical performance in football: a 
position-specific analysis of energy system utilization 

Demandas metabólicas y rendimiento físico en el fútbol: un análisis 
específico por posición de la utilización del sistema energético 
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Introduction

Football is a physically demanding, intermittent sport that requires an intricate balance between aero-
bic and anaerobic energy systems to meet the physiological demands of training and match play 
(Bangsbo et al., 2007; Manna et al., 2010). The aerobic system facilitates sustained activity and recovery 
between high-intensity efforts, while the anaerobic system powers short, explosive actions such as 
sprints, tackles, and goal-scoring opportunities (Bangsbo et al., 2008; Faude et al., 2012a). Given the 
dynamic nature of football, the extent to which each energy system is utilized varies significantly across 
playing positions, influenced by tactical roles, physical attributes, and situational demands (Dellal et al., 
2011; Sarmento et al., 2014). Midfielders typically cover the greatest distances (11-13 km per match), 
relying predominantly on aerobic metabolism to maintain endurance and tactical positioning (Bloom-
field et al., 2007a; Di Salvo et al., 2007). Their role as the link between defence and attack necessitates 
exceptional aerobic capacity, with studies reporting higher VO₂ max values compared to other outfield 
positions (Reilly, Bangsbo, et al., 2000; Tønnessen et al., 2013).  

In contrast, forwards and wingers engage in frequent high-speed runs and sprints (>25 km/h), demand-
ing a greater contribution from anaerobic pathways (Ingebrigtsen et al., 2011; Stølen et al., 2005). These 
players perform 20-40% more high-intensity activities than defenders and central midfielders, high-
lighting the position-specific metabolic requirements (Bradley, Lago-Peñas, et al., 2013; Mohr et al., 
2005a). Defenders, particularly centre backs, rely on both energy systems to sustain positional play, 
execute rapid accelerations, and engage in aerial duels (Saeidi & Khodamoradi, 2017). Recent research 
utilizing player tracking technologies has revealed that central defenders perform fewer high-intensity 
runs but engage in more physical confrontations and jumping actions, emphasizing the importance of 
anaerobic power and strength in these positions (Baptista et al., 2018). Goalkeepers, in contrast, have a 
unique physiological profile, with anaerobic power being the primary requirement due to their need for 
short bursts of explosive movement, reaction saves, and distribution activities (Di Salvo et al., 2007; 
White et al., 2018; Ziv & Lidor, 2011). 

Scientific research has extensively examined the physiological demands of football, highlighting the cru-
cial role of aerobic endurance in sustaining match intensity over 90 minutes (Bangsbo et al., 2008; Stølen 
et al., 2005). Studies utilizing time-motion analysis and global positioning systems (GPS) have demon-
strated that professional footballers cover an average of 10-13 kilometers per match, with midfielders 
registering the highest distances due to their involvement in both defensive and attacking transitions 
(Bradley et al., 2009; Mallo et al., 2015; Mohr et al., 2003). The aerobic system provides approximately 
90% of the energy requirements during a match, underlining its significance in football performance 
and recovery between high-intensity efforts (Bangsbo et al., 2006a; Castagna et al., 2003a). On the other 
hand, attackers and wide players rely more on anaerobic energy pathways to execute repeated sprints 
and high-intensity dribbles, often exceeding 30 sprints per match (Di Salvo et al., 2010; Rampinini et al., 
2007a). These crucial match actions, including goal scoring opportunities, are predominantly fueled by 
anaerobic metabolism, particularly the phosphagen system for explosive movements lasting 1-5 sec-
onds and glycolytic pathways for sustained high-intensity efforts of 5-30 seconds (Buchheit & Laursen, 
2013a; Spencer et al., 2005).  

Research by Castagna et al., (2003b) further supports the notion that positional demands dictate the 
predominant energy system contribution, with central defenders engaging in fewer but more intense 
physical duels, necessitating both aerobic endurance and anaerobic power. Moreover, studies on colle-
giate football players have revealed that while the fundamental energy demands align with those of pro-
fessional players, variations in fitness levels, tactical responsibilities, and match duration impact the 
overall reliance on specific metabolic pathways (Lockie, Moreno, et al., 2018; Reilly et al., 2008). Colle-
giate players typically demonstrate lower aerobic capacities (VO₂max of 52-60 ml/kg/min) compared 
to elite players (55-67 ml/kg/min), potentially influencing their ability to sustain high-intensity efforts 
throughout a match (Kalapotharakos et al., 2011; McMillan et al., 2005). Furthermore, positional differ-
ences in physiological parameters such as sprint ability, vertical jump performance, and agility have 
been observed in collegiate players, supporting the need for position-specific training interventions 
(Lago-Peñas et al., 2011; Lockie, Dawes, et al., 2018). 
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Anaerobic metabolism plays an indispensable role in football performance, particularly during key 
match events that require maximal effort in short durations. The phosphagen system (ATP-PC) is heav-
ily involved in explosive actions such as acceleration, jumping, and shooting, while anaerobic glycolysis 
contributes to sustained high-intensity efforts lasting 10-30 seconds (Bishop et al., 2011; Krustrup et 
al., 2006a). Players performing in high-intensity roles, such as forwards and attacking midfielders, ex-
perience repeated bouts of anaerobic exertion, necessitating efficient recovery mechanisms supported 
by the aerobic system (Osgnach et al., 2010). The ability to rapidly regenerate ATP through oxidative 
phosphorylation is a critical factor in delaying fatigue and maintaining performance throughout the 
match (Bangsbo et al., 2007; Mohr et al., 2005b). This is particularly evident in the second half of 
matches, where decrements in high-intensity running and sprint performance have been observed 
across all playing positions, albeit to varying degrees (Bradley, Carling, et al., 2013; Mohr et al., 2003). 
Midfielders, with their superior aerobic capacities, typically experience less pronounced declines com-
pared to forwards and defenders (Di Mascio & Bradley, 2013; Rampinini et al., 2009).  

The landscape of football match predictions has evolved, with various statistical measures playing a 
pivotal role in forecasting results (Karmakar et al., 2024). Recent advancements in metabolic profiling 
and wearable technology have provided deeper insights into the individualized energy demands of play-
ers, emphasizing the need for position-specific conditioning programs (Akenhead & Nassis, 2016; Buch-
heit & Laursen, 2013b). Contemporary training methodologies have evolved to incorporate small-sided 
games and high-intensity interval training protocols that simulate the metabolic demands specific to 
playing positions (Dellal, Hill-Haas, et al., 2011; Malone et al., 2018). Such approaches enhance both aer-
obic and anaerobic capacities while developing technical and tactical proficiency in context-specific sce-
narios (Hill-Haas et al., 2011; Impellizzeri et al., 2006a). Vertical jump performance, reflecting lower 
body power generated primarily through anaerobic pathways, shows marked differences across playing 
positions, with goalkeepers and central defenders typically demonstrating superior performance due to 
the frequent aerial demands of their positions (Haugen et al., 2013; Sporis et al., 2009). Similarly, sprint 
capacity varies significantly by position, with forwards and wide midfielders exhibiting the fastest times 
over both short (10m) and longer (30m) distances (Haugen et al., 2012; Sporis et al., 2009). Agility has 
also been identified as a key determinant of football performance, particularly in facilitating rapid di-
rectional changes and reactive movements during duels, dribbles, and defensive actions, with research 
indicating its strong correlation to match-related actions across all playing positions (Chaouachi et al., 
2012a; Sheppard & Young, 2006). 

This study aims to examine the interplay between aerobic and anaerobic energy systems across differ-
ent playing positions in collegiate football, focusing specifically on endurance, speed, vertical jump, and 
agility as key performance indicators. By investigating the metabolic profiles and physical performance 
characteristics specific to goalkeepers, defenders, midfielders, and strikers, this research will provide 
valuable insights into the position-specific physiological demands of the sport. The findings will offer 
practical implications for optimizing training load, enhancing position-specific conditioning protocols, 
improving fatigue management strategies, and ultimately elevating tactical performance and competi-
tive success in collegiate football. 

 

Method 

Participants 

The study was comprised of collegiate male football players aged 18 to 23 years who were actively com-
peting at the university level. Participants were selected through purposive sampling from LNIPE, Gwa-
lior, Madhya Pradesh, India. A total of 40 players, representing various playing positions, goalkeepers, 
defenders, midfielders, and forwards, were included in the study. Eligibility criteria required players to 
have a minimum of three years of competitive football experience and to be actively engaged in both 
training and match play. Before participation, all players provided informed written consent. The study 
was conducted by the principles outlined in the Declaration of Helsinki (WMA - The World Medical As-
sociation-Declaration of Helsinki, 2013). 

 
Table 1. Demographic Profiles of Football Players Across Various Playing Positions  

 Height Weight BMI Playing Experience 
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(Mean±SD) (Mean±SD) (Mean±SD) (Mean±SD) 
Goalkeeper 171.5±1.26 61.7±1.49 20.98±0.63 5.70±0.67 

Defender 166.6±1.42 62.20±1.87 22.40±0.58 6.10±0.87 
Midfielder 165.5±2.01 60.80±1.68 22.21±0.97 5.50±0.70 

Striker 165.7±2.40 61.70±2.49 22.50±1.49 5.80±0.78 

 

Procedure 

Participants completed a comprehensive field-based assessment to measure key physiological traits: 
aerobic capacity, anaerobic power, sprint performance, and agility. Initial evaluations included record-
ing anthropometric data such as height, weight, and BMI. Aerobic capacity was measured using the 12-
Minute Cooper Test, where the distance covered in 12 minutes reflected endurance. Anaerobic power 
was assessed via the Sargent Jump Test, recording the highest vertical jump. Sprint performance was 
evaluated with the 50-Meter Sprint Test, timing how quickly participants covered the distance from a 
standing start. Agility was measured using the Illinois Agility Test, requiring participants to navigate a 
course with changes in direction, with total time recorded. To allow for role-specific analysis, data were 
categorized by playing positions, goalkeepers, defenders, midfielders, and forwards, enabling compari-
sons of physiological performance across roles. 

Instruments 

The 12-Minute Cooper Test was employed to quantify aerobic endurance, with the total distance trav-
ersed in meters as the primary performance metric (Jaworska et al., 2018). Anaerobic power was eval-
uated through the Sargent Jump Test, wherein the vertical jump height (measured in centimeters) was 
recorded using the chalk method (Markovic et al., 2004). Sprint performance was assessed via the 50-
meter Sprint Test, wherein the total sprint duration, measured in seconds, was systematically recorded 
to determine acceleration and maximal velocity (Monea et al., 2017). Agility was evaluated using the 
Illinois Agility Test, in which participants navigated a standardized course involving straight sprints and 
directional changes, with total completion time (measured in seconds) serving as the performance met-
ric (Koropanovski et al., 2022). Using manually recorded height and weight measurements, BMI was 
calculated to objectively evaluate the players' physical composition.  

Data Analysis 

Descriptive statistics, expressed as mean (M) ± standard deviation (SD), were computed for all meas-
ured variables. The Shapiro-Wilk test was employed to examine the normality of data distribution. To 
assess the influence of playing positions and physical attributes on various performance parameters 
while controlling for potential confounding factors, one-way ANOVA was performed. For pairwise com-
parisons where significant differences emerged, the LSD Post Hoc Test was applied. A significance 
threshold of p < 0.05 was set for all statistical analyses, which were conducted using SPSS software (ver-
sion 26). 

 

Results 

The table 2 illustrates the mean and standard deviation (SD) values for key physical fitness variables, 
endurance, speed, vertical jump, and agility across different playing positions in football, highlighting 
the positional specificity of physical performance. Midfielders exhibit the highest endurance (3306.60 ± 
80.16), reflecting their need for sustained movement, while goalkeepers record the lowest (2691.00 ± 
57.95) due to their limited mobility requirements. Speed performance improves progressively from 
goalkeepers (7.293 ± 0.071) to strikers (6.434 ± 0.088), aligning with the demand for rapid bursts in 
offensive play. Vertical jump results indicate superior explosive power among goalkeepers (64.60 ± 
1.07) and defenders (59.50 ± 2.07), essential for aerial challenges, while midfielders show the lowest 
values (47.90 ± 1.91), likely due to endurance prioritization. Agility, critical for quick directional 
changes, is highest among strikers (14.278 ± 0.576) and progressively slower for midfielders (15.537 ± 
0.429), defenders (15.818 ± 0.443), and goalkeepers (16.836 ± 0.330). These findings emphasize how 
physical attributes are tailored to positional roles, with outfield players excelling in speed and agility, 
midfielders in endurance, and goalkeepers in explosive power. 
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Table 2. Descriptive Statistics of Physical Fitness Variables Across Playing Positions  

Variables Playing Position Mean SD 

Endurance 

Goalkeeper 2691.0000 57.95209 

Defender 2943.1000 47.96631 
Midfielder 3306.6000 80.16123 

Striker 3141.9000 44.30814 

Speed 

Goalkeeper 7.2930 .07103 
Defender 7.0270 .12953 

Midfielder 6.7280 .06015 
Striker 6.4340 .08796 

Vertical Jump 

Goalkeeper 64.6000 1.07497 
Defender 59.5000 2.06828 

Midfielder 47.9000 1.91195 
Striker 54.8000 2.04396 

Agility 

Goalkeeper 16.8360 .32992 
Defender 15.8180 .44299 

Midfielder 15.5370 .42929 
Striker 14.2780 .57631 

 
 
 
Figure 1. Graphical Representation of Position-Specific Variations in Metabolic Demands and Physical Performance in Football  

 

The table 3 presents the analysis of variance conducted to examine differences in key physical fitness 
variables including endurance, speed, vertical jump, and agility across different groups. The analysis 
indicates statistically significant differences for all variables, as evidenced by the high F values and p 
values of .000. For endurance, the between-groups sum of squares is 2,111,520.900 with an F value of 
200.407, indicating substantial variability attributed to group differences, while the within-groups sum 
of squares is 126,434.200. Speed shows a between-groups sum of squares of 4.138, an F value of 
166.300, and a minimal within-groups sum of squares of 0.299, suggesting group membership signifi-
cantly impacts speed performance. The vertical jump variable also demonstrates notable differences 
with a between-groups sum of squares of 1,513.000 and an F value of 152.060, while the within-groups 
sum is 119.400. Similarly, agility shows significant group differences with a between-groups sum of 
squares of 33.257, an F value of 53.977, and a within-groups sum of 7.394. The consistent p values of 
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.000 across all variables confirm that these differences are highly significant, indicating that group mem-
bership plays a critical role in determining physical fitness performance. 

 
 
Table 3. Analysis of Variance (ANOVA) for Physical Fitness Variables among Groups  

 Sum of Squares F p 

Endurance 
Between Groups 2111520.900 200.407 <0.001 
Within Groups 126434.200   

Speed 
Between Groups 4.138 166.300 <0.001 
Within Groups .299   

Vertical Jump 
Between Groups 1513.000 152.060 <0.001 
Within Groups 119.400   

Agility 
Between Groups 33.257 53.977 <0.001 
Within Groups 7.394   

 

The table 4 displays the results of the Least Significant Difference (LSD) post hoc analysis, examining 
differences in physical fitness variables including endurance, speed, vertical jump, and agility among 
football players occupying different positions: goalkeepers, defenders, midfielders, and strikers. The 
analysis reveals significant positional differences across all variables. In endurance, goalkeepers demon-
strated lower performance compared to defenders, midfielders, and strikers, with mean differences of 
252.10000, 615.60000, and 450.90000 respectively, all statistically significant at p less than .001. De-
fenders also showed lower endurance than midfielders and strikers, with mean differences of 
363.50000 and 198.80000, while midfielders outperformed strikers with a mean difference of 
164.70000. In speed, goalkeepers were slower than defenders, midfielders, and strikers, with mean dif-
ferences of 0.26600, 0.56500, and 0.85900. Defenders were slower than midfielders and strikers with 
mean differences of 0.29900 and 0.59300. Midfielders were also slower than strikers with a mean dif-
ference of 0.29400. In vertical jump performance, goalkeepers recorded lower heights than defenders, 
midfielders, and strikers, with mean differences of 5.10000, 16.70000, and 9.80000 respectively. De-
fenders demonstrated lower jump heights than midfielders and strikers, with mean differences of 
11.60000 and 4.70000, while midfielders outperformed strikers with a mean difference of 6.90000. In 
agility, goalkeepers were less agile than defenders, midfielders, and strikers, with mean differences of 
1.01800, 1.29900, and 2.55800. Defenders were less agile than strikers with a mean difference of 
1.54000, though no significant difference was found when compared to midfielders, with a p-value of 
.174. Midfielders were less agile than strikers with a mean difference of 1.25900. All significant differ-
ences were observed at p less than .001, indicating substantial positional variability in physical fitness 
attributes. 

 
 
Table 4. LSD Post Hoc Analysis of Physical Fitness Variables among Football Players across Playing Positions  

Dependent Variable (I) Group (J) Group 
Mean Difference 

(I-J) 
P 

Endurance 

Goalkeeper 
Defender -252.10000* <0.001 

Midfielder -615.60000* <0.001 
Striker -450.90000* <0.001 

Defender 
Midfielder -363.50000* <0.001 

Striker -198.80000* <0.001 
Midfielder Striker 164.70* <0.001 

Speed 

Goalkeeper 
Defender .26600* <0.001 

Midfielder .56500* <0.001 
Striker .85900* <0.001 

Defender 
Midfielder .29900* <0.001 

Striker .59300* <0.001 
Midfielder Striker .29400* <0.001 

Vertical Jump 

Goalkeeper 
Defender 5.10000* <0.001 

Midfielder 16.70000* <0.001 
Striker 9.80000* <0.001 

Defender 
Midfielder 11.60000* <0.001 

Striker 4.70000* <0.001 
Midfielder Striker -6.90000* <0.001 

Agility 
Goalkeeper 

Defender 1.01800* <0.001 
Midfielder 1.29900* <0.001 

Striker 2.55800* <0.001 

Defender Midfielder .28100 0.174 
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Striker 1.54000* <0.001 
Midfielder Striker 1.25900* <0.001 

 

Discussion 

The present study examined the position-specific physical performance characteristics and metabolic 
demands of football players, revealing significant differences across playing positions in all measured 
variables: endurance, speed, vertical jump, and agility. These findings provide valuable insights into the 
unique physiological requirements of each position and have important implications for position-spe-
cific training and player development. The results demonstrated highly significant differences in endur-
ance capacity across playing positions (F = 200.407, p < 0.001), with midfielders exhibiting the greatest 
endurance (M = 3306.60 ± 80.16), followed by strikers (M = 3141.90 ± 44.31), defenders (M = 2943.10 
± 47.97), and goalkeepers (M = 2691.00 ± 57.95). Post-hoc analysis confirmed significant differences 
between all position pairs (p < 0.001). These findings align with previous research by Bangsbo et al., 
(2006), who reported that midfielders cover greater distances during matches compared to other posi-
tions, necessitating superior aerobic capacity.  

Similarly, Di Salvo et al., (2007) found that central midfielders covered significantly greater total dis-
tances (11,393 ± 1,016 m) than central defenders (10,627 ± 893 m) and forwards (10,941 ± 1,035 m) 
during elite-level matches. The superior endurance capacity of midfielders observed in our study can be 
attributed to their tactical role, which requires continuous movement between defensive and offensive 
phases (Rampinini et al., 2007b). The relatively high endurance capacity of strikers compared to defend-
ers contradicts some earlier findings (Reilly, Bangsbo, et al., 2000) but supports more recent research 
by Modric et al., (2019), suggesting that the evolving nature of football tactics has increased the physical 
demands on attacking players, who are now expected to participate in pressing and defensive transi-
tions. This shift reflects the modern game's emphasis on high-intensity pressing systems, requiring for-
wards to exhibit greater work capacity (Konefał et al., 2019).  

Our analysis revealed significant differences in sprint performance across positions (F = 166.300, p < 
0.001), with strikers demonstrating the fastest times (M = 6.43 ± 0.09 s), followed by midfielders (M = 
6.73 ± 0.06 s), defenders (M = 7.03 ± 0.13 s), and goalkeepers (M = 7.29 ± 0.07 s). All pairwise compari-
sons yielded significant differences (p < 0.001). These results support the findings of Sporis et al., 
(2009), who reported that forwards possessed superior sprinting abilities compared to players in other 
positions. The enhanced speed of strikers can be explained by the positional demands requiring explo-
sive acceleration and sprint capacity to create separation from defenders and exploit spaces behind de-
fensive lines (Faude et al., 2012b). Indeed, Faude et al., (2012) found that straight sprinting was the most 
frequent action preceding goal-scoring in professional football, emphasizing the importance of this at-
tribute for attacking players. Our findings revealed that midfielders possessed better speed capabilities 
than defenders, which contrasts with some previous studies (Gil et al., 2007) but aligns with more recent 
research by (Slimani et al., 2018).  

This finding may reflect the contemporary trend toward more dynamic midfield roles requiring rapid 
transitions between defensive and offensive phases (Bradley, Lago-Peñas, et al., 2013). The analysis of 
variance for vertical jump performance revealed significant differences between positions (F = 152.060, 
p < 0.001), with goalkeepers exhibiting the highest values (M = 64.60 ± 1.07 cm), followed by defenders 
(M = 59.50 ± 2.07 cm), strikers (M = 54.80 ± 2.04 cm), and midfielders (M = 47.90 ± 1.91 cm). Post-hoc 
analyses confirmed significant differences between all position pairs (p < 0.001). The superior vertical 
jump performance of goalkeepers aligns with the findings of Ziv & Lidor, (2011), who attributed this 
advantage to the specific demands of the goalkeeper position, which frequently requires vertical jump-
ing to intercept high balls.  

Similarly, Rebelo-Gonçalves et al., (2015) found that goalkeepers and central defenders demonstrated 
better jumping performance compared to other positions in football players. The relatively high vertical 
jump values for defenders compared to attacking players can be explained by the defensive require-
ments to win aerial duels from crosses and set-pieces (Castagna et al., 2013). Arnason et al., (2004) pre-
viously identified a significant relationship between team success in elite football and the jumping ca-
pacity of defenders, highlighting the importance of this attribute for defensive play. The lower vertical 
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jump performance of midfielders compared to other positions is consistent with previous research by 
Di Salvo et al., (2007) and may reflect the different physical demands placed on midfield players, who 
prioritize endurance and technical skills over power-based attributes. Significant differences in agility 
performance were observed across playing positions (F = 53.977, p < 0.001), with strikers demonstrat-
ing the best agility performance (M = 14.28 ± 0.58 s), followed by midfielders (M = 15.54 ± 0.43 s), de-
fenders (M = 15.82 ± 0.44 s), and goalkeepers (M = 16.84 ± 0.33 s).  

Post-hoc analyses revealed significant differences between most position pairs (p < 0.001), except be-
tween defenders and midfielders (p = 0.174). The superior agility of strikers supports research by (Little 
& Williams, 2005; Stølen et al., 2005), who emphasized the importance of rapid directional changes for 
attacking players when creating space and evading defenders in confined areas. In a similar context, 
Chaouachi et al., (2012) noted that elite-level attackers performed significantly better in agility tests 
compared to defenders and midfielders, attributing this to the position-specific requirement for quick 
multidirectional movements in attacking situations. The non-significant difference in agility between 
defenders and midfielders contrasts with some previous findings (Bloomfield et al., 2007b) but aligns 
with research by Towlson et al., (2017), who found similar agility profiles between these positions. This 
similarity may reflect the evolving tactical requirements of modern football, where both defenders and 
midfielders must demonstrate comparable change-of-direction abilities to execute defensive transitions 
and pressing tactics effectively (Deprez et al., 2015). 

The distinct physical profiles observed across playing positions have significant implications for train-
ing prescription and talent identification in football. Our findings support the position-specific training 
approach advocated by (Boone et al., 2012; Reilly, Williams, et al., 2000), suggesting that conditioning 
programs should be tailored to the unique physiological demands of each position. For midfielders, 
training should emphasize developing superior aerobic capacity to support their extensive match-run-
ning requirements. This aligns with recommendations by (Bangsbo et al., 2006b; Impellizzeri et al., 
2006b), who proposed higher volumes of interval training for midfield players compared to other posi-
tions. By comparison, training for strikers should prioritize speed and agility development, focusing on 
explosive movements and directional changes that reflect their match demands (Haugen et al., 2012).  

This position-specific approach is supported by research from Mendez-Villanueva et al., (2011), who 
demonstrated that targeted speed training produced greater improvements in match performance for 
forwards compared to players in other positions. Defenders and goalkeepers would benefit from pro-
grams emphasizing power development to enhance vertical jump performance, supporting the position-
specific preparation strategies outlined by (Reilly, Williams, et al., 2000; Ziv & Lidor, 2011). From a tal-
ent identification perspective, our findings suggest that the physical attributes most predictive of suc-
cess vary by playing position, supporting the multidimensional approach to talent identification pro-
posed by (Reilly, Bangsbo, et al., 2000; Williams & and Reilly, 2000). Youth development programs 
should consider these position-specific physical profiles when evaluating young players and guiding 
their positional specialization.  

Our study provides valuable insights into position-specific physical performance characteristics, but 
several limitations should be acknowledged. First, our analysis did not account for tactical systems, 
which may influence the physical demands placed on players within the same nominal position (Bradley 
et al., 2011). Future research should examine how different playing formations affect the physical pro-
files of players across positions. In addition, our study utilized standardized fitness tests rather than 
match-derived performance metrics. Subsequent research could incorporate GPS and time-motion anal-
ysis data from competitive matches to provide more ecologically valid measures of position-specific de-
mands, as recommended by (Buchheit et al., 2014; Carling et al., 2008). Furthermore, the energy system 
utilization was not directly measured through physiological markers such as blood lactate or oxygen 
consumption. Future studies could incorporate these measures to provide a more comprehensive un-
derstanding of the metabolic pathways predominant in different playing positions, building on the work 
of (Bangsbo et al., 2006b; Krustrup et al., 2006b). 

 

Conclusions 
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This study provided a comprehensive position-specific analysis of the metabolic demands and physical 
performance characteristics of collegiate football players, highlighting the significant variations across 
different playing roles. The findings confirmed that midfielders exhibited superior aerobic endurance, 
aligning with their role in maintaining tactical positioning and facilitating transitions between offensive 
and defensive phases. Highlighting the anaerobic demands of football, strikers showed exceptional 
sprinting speed and agility, essential for creating goal-scoring opportunities and evading defenders. De-
fenders and goalkeepers displayed greater vertical jump capacity, reinforcing the necessity of anaerobic 
power for aerial duels and shot-stopping actions, respectively. This research contributed to the field by 
elucidating the interplay between aerobic and anaerobic energy systems in football, offering empirical 
evidence to optimize training methodologies. The results underscored the need for position-specific 
conditioning programs that enhance endurance, speed, agility, and explosive power tailored to the phys-
iological demands of each role. Such insights have implications for performance enhancement, injury 
prevention, and tactical optimization in football training at the collegiate level and beyond. While this 
study provided valuable contributions, future research should explore additional physiological markers 
such as blood lactate accumulation and oxygen uptake to further refine the understanding of energy 
system utilization. Moreover, integrating wearable technology and GPS tracking in competitive match 
scenarios could yield more ecologically valid insights into positional demands. Longitudinal studies ex-
amining the adaptation of players to different training stimuli may further inform personalized condi-
tioning approaches, ultimately advancing football performance science. The findings of this research 
serve as a foundation for developing evidence-based training interventions that cater to the evolving 
demands of modern football. 
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