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Physiological demands of long-distance runners.
Introduction 
VO2 Max
According to Gjestvang, Stensrud, and Haakstad (2017), VO2 Max is defined as the maximum amount of oxygen that your heart, lungs, and muscles can effectively transport and use during exercise. Runners with a high VO2 Max can sustain their performance for longer periods without experiencing fatigue.
VO2 Max is important in long-distance running, as a higher VO2 Max means that runners can maintain a faster pace for an extended time before fatiguing. Additionally, it provides athletes with a benchmark to tailor training intensity and track progress over time. 
Muscle fibre types
Dunn and Grider (2023) states, ATP stand for Adenosine Triphosphate, and is a molecule that stores and transfers energy within cells. It is a main energy source for most cellular functions, muscle contraction, nerve transmission and chemical synthesis.
Moreno-Justicia et al. (2025) highlights, Type 1 muscle fibres, commonly referred to as slow-twitch fibres, contract at a slower rate and have a high resistance to fatigue. They are mainly used during endurance activities, such as long-distance running and cycling. These fibres contain a high concentration of mitochondria, which are the cell's powerhouses responsible for producing ATP. Additionally, they have a significant amount of myoglobin, a protein that stores oxygen within muscle cells.
Type 1 fibres also have a dense network of capillaries which enhance oxygen delivery to the muscle. These type 1 fibres use the aerobic energy system that breaks down fat and carbohydrates (glucose/glycogen) to produce ATP.
Moreno-Justicia et al. (2025) states, Type 2a muscle fibres contract more quickly than type 1 fibres and utilise both aerobic and anaerobic energy systems. They store glycogen, a form of carbohydrate, which enables faster energy production during short bursts of activity. In long-distance running, these fibres help minimise stride length, and in the later stages of a race, they allow for a sprint to the finish line. Additionally, they fatigue less quickly than type 2b muscle fibres, which means they can be used for a more extended period.
Type 2a muscle fibres can switch between aerobic and anaerobic energy systems depending on the intensity of the effort during a race. At moderate intensities, these fibres rely more on the aerobic energy system. However, as the intensity increases, they can switch to the anaerobic system, allowing a faster production of ATP.
The anaerobic system is used up quickly; its energy supply can deplete in just 10 seconds to 2 minutes, depending on the athlete's fitness level. In contrast, the aerobic system can sustain energy for over an hour a day, provided there are sufficient fuels, such as carbohydrates, fats, and oxygen (Baker, McCormick, and Robergs 2010).
Body Mass
According to Maldonando, Mujika, and Padilla (2002), Researchers have shown that having a leaner body composition can be more beneficial for long-distance runners than heavier long-distance runners. Heavier runners have a greater energy cost per unit distance covered. This means that the average heavier runner will expend more energy to cover the same distance than leaner runners. 
Being leaner is more advantageous for long-distance runners because it means they have less body fat to carry. Each kilogram of body fat requires more energy to move. A better power-to-weight ratio, featuring more muscle mass relative to fat mass, allows runners to generate more power for each unit of body weight they carry. 
Stronger and more powerful leg muscles, specifically the quadriceps, hamstrings, calves, and glutes enable athletes to generate more force. With stronger leg muscles, athletes can use less energy and maintain a faster pace for a longer period of time before experiencing fatigue. Additionally, powerful leg muscles allow athletes to exert a greater force against the ground, which enables them to push off more effectively. This means that athletes can accelerate faster and maintain a higher speed (Struzik et al 2021).
Balance
Lastly, balance benefits runners, as good balance improves running efficiency and enhances coordination and agility. Balance training enhances proprioception, which improves the body's ability to sense movement and position (Pritt, 2025).
Flexibility
In addition, flexibility can give a long-distance runner a disadvantage by reducing power output. Decreases efficiency, decreases muscle stiffness, and increases the risk of injuries (Baxter et al, 2017).













Method 
Skinfold
A Harpenden Skinfold Caliper (Baty int, West Sussex, UK) was used to measure body composition. The measurements were taken at four sites on the body: triceps, biceps, iliac crest just above the hip bone, and scapula between the shoulder blades.
Sit and Reach
Using a sit-and-reach box (Habdirect, Southam, UK), participants removed their shoes and sat with their legs straight out and feet flat on the box. They were instructed to reach forward as far as possible while pushing a ruler without jerking their bodies further.
Keiser A300 Leg press
Keiser A300 Leg Press (Keiser,Fresno, USA) to measure leg power. First, adjust the seat so the participant's knees are at 90 degrees and feet are flat. Have the subject perform explosive repetitions until their peak power has been reached.
Balance
Balance's error scoring system was designed to test balance. It consists of firm and foam surfaces, with double leg, single leg non-dominant leg, and tandem stances, each for 20 seconds. Each error counts as one point (Balance Error Scoring System (BESS))
VO2 Max
To measure VO2 max, the assessment was conducted on a Cortex Metallizer 3B R3 treadmill (Leipzig,Germany). The subject wore a Polar OH1 heart rate monitor strap (Polar Electro, Warwick, UK) to collect heart rate data. They performed a 10-minute warm-up run on the treadmill. A metabolic cart Coretex Metalyzer 3B (Leipzig,Germany) was placed around their head to measure oxygen intake and expired gases. During the test, the starting speed was 8 km/h, and it increased by 1 km/h every minute. Once the top speed of 16 km/h was reached, the incline was increased by 0.5%.
Hight and Weight 
To measure height and weight, shoes were removed. Using a Seca Weighing Scale Seca 875 (Seca, Hamburg, Germany) to measure weight, and a Stadiometer Seca 213 (Seca, Hamburg, Germany) to measure height. 



Results
This displays the subject's scores for all tests, compared to other long-distance runners.
	Body Fat (%)
	Sit & Reach (cm)

	Keiser Leg (w)
	Balance
	VO2max (ml/kg/min)

	14%
	32cm
	446w
	9
	58.2 (ml/kg/min)

	18.7% (Cooke 2020)
	18cm (topend sports 2025)
	848 ± 220
(De La Cruz 2025)
	20.81 ± 6.28 (Schonberg 2024)
	61.4 ± 4.2
 (Kenneally et al 2020)



The subject's body fat percentage is slightly below the average when compared to other long-distance runners. The sit and reach score is above average, while the Keiser leg score is significantly below average. The balance score is notably better than average, and the VO2 max is just slightly below that of other long-distance runners.
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This graph displays the sit and reach results for the classes. The red X indicates a subject score of 34 cm. The peak of the bell curve is around 25 cm, which represents the average score for the classes. Since the subject's score is slightly above this average, it is positioned just to the right side of the peak.




[image: ]
This graph displays the Keiser leg power results for the classes. The red "X" indicates a subject score of 446 watts, while the peak of the bell curve represents an average Keiser leg power of 600 watts. Since the subject score of 446 watts falls to the left side of the bell curve, it indicates that the subject is below the class average.
[image: ]
This graph shows the VO2 Max results for the classes. The red X indicates the subject's 58.2 ml/kg/min score. The peak of the bell curve, which represents the average VO2 Max results of the class, is at 45 ml/kg/min. Since the subject's score is located to the right of the bell curve, it indicates that the subject's score is above average compared to the rest of the class.
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This graph shows the body fat percentage results of the classes. The red X marks a subject's score of 14%. The peak of the bell curve is at 18%, indicating the average body fat percentage for the class. The subjects' scores fall on the left side of the bell curve, suggesting that they are just below average compared to the class.
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This graph displays the z-scores of the subject compared to the classes within four fitness categories: Body Fat Percentage, Keiser Leg Power, VO2 Max, and Sit and Reach.
For Body Fat Percentage, the subject scores below average, which is positive for long-distance running.
In terms of Keiser Leg Power, the subject is below average. This is a negative trait for long-distance running, as it indicates less explosive leg power.
For VO2 Max, the subject is above average, which is one of their stronger traits. This is a positive for long-distance runners because the subject’s aerobic fitness is above average, reflecting excellent cardiovascular fitness and endurance.
Finally, for Sit and Reach, the score is above average. However, this can be a negative trait for long-distance runners.
Discussion and Conclusions

The subject scored two strong points, specifically in VO2 Max and body fat%. The subject's VO2 Max score of 58.2 ml/Kg/min is slightly below the score of the elite athlete, which is 61.4 ± 4.2 (Kenneally et al., 2020). However, this still shows a high level of cardiovascular fitness. VO2 Max is crucial for long-distance runners because it represents the maximum amount of oxygen that the heart, lungs, and muscles can effectively transport and use during exercise.
The subject's body fat percentage is 14%, which is lower than that of the other athlete, who has a body fat percentage of 18.7%. A leaner body composition is an advantageous in long-distance running, as it reduces the energy cost per unit of distance covered. This means that a leaner runner will require less energy to cover the same distance compared to a heavier runner. 
The subject balance was good with a score of 9 errors compared to other long-distance athletes' average of 20.81 ± 6.28 (Schonberg, 2024). This benefits performance by having good proprioception, meaning that the subject's body awareness and positioning are good, which can help to prevent injuries and over-expansion of energy.
One major weakness is leg power, with the subject score being 446w, signifying being lower than the elite athletes and others in the classes. This can have a negative effect on the performance as the subject may use more energy to maintain a faster pace for a more extended period and may experience more fatigue (Struzik et al, 2021). 
To improve leg power, the subject can bring in lower body strength training two sessions a week, focusing on muscle groups like the quadriceps, hamstrings, calves, and glutes.
Another part that can hinder performance is flexibility. During the sit and reach, the subject scored 32cm, compared to the elite athletes' 18cm (topend sports 2025), which is significantly higher. With long-distance runners, flexibility can be a disadvantage due to more energy expenditure and reduced power output. Meaning the subject will need to work harder.   
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