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Physiological requirements of a distance runner; a case study 
Case study athlete profile
The case study athlete is a 20-year-old, male and weighs 81kg and is 184cm in height. He runs on average, three times per week, two of the runs are 30-40 minutes in duration and one is 60 minutes, mixed pace fartlek run. 
Study aims 
The aim of the study is to identify the essential requirements the case study athlete needs to demonstrate, if he desires to be at the top end level of long-distance running. The study attempts to underpin the key physiological requirements of elite, endurance runners, in particular long-distance runners.
Overview of distance running requirements 
Elite endurance runners often display similar characteristics, which are of a lean, slim build with minimal muscle and fat mass. A study by (Carter 1984) found that “male Olympic runners were defined as ecto-mesomorphic”. Ectomorphs are characterised “by thin bones, they are long lineal individuals, thin, with low muscular mass and low body fat”. Whereas mesomorphs are characterised as having “broad shoulders and a thin waist, large muscle mass and low body fat” (Florescu 2016). Distance runners are typically a mixture of both body types. Having a lower body mass is beneficial for running because ‘lighter runners produce and store less heat at the same running speed as heavier runners, meaning they can run faster or further, before reaching a limiting rectal temperature’ (Marino et al 2000).  Muscle fibre types are also an important factor for performing well in distance running. “Type 1, or slow-twitch fibres, are seen in high abundance in elite endurance athletes, such as long-distance runners” (Plotkin et al 2021). Type 1, slow-twitch muscle fibres use energy slowly and although muscle fibres are largely determined by genetics, there is research to suggest that training can shift muscle fibre type to a certain degree. A study by (Plotkin et. Al 2021) found that “a shift towards type I fibres was apparent with higher volume endurance training.”  Slow-twitch muscle fibres are important for endurance running because they ‘use energy slowly, and use the aerobic energy system, meaning they run on oxygen’ (Iftikhar 2020). They are primarily fuelled using fat, making them ideal for long distance running, when glycogen stores are likely to be depleted. Additionally, for distance running, “VO2 max is an important determinant of performance” (Thompson 2017). ‘VO2 max is a measure of the maximum rate oxygen can be taken in and utilized whilst exercising’ (Max, V.2013). However, having a high VO2 max doesn’t automatically mean that an individual will become an elite runner. Running economy, is an important factor too, which essentially is ‘a complex interplay of physiological and biomechanical factors.’ It is typically defined as “the energy demand for a given velocity of submaximal running and expressed as the submaximal oxygen uptake (VO2) at a given running velocity” (Barnes & Kilding 2015). An example of this, is a case study conducted on former marathon world record holder Paula Radcliffe. ‘The study found that between the years of 1991-2003, she improved her running economy by ~ 15% whilst her VO2 max remained stable at ~ 70 ml kg−1 min−1 ‘(Jones 2006). Over the time of the study, she improved her 5,000m time from 16 minutes and 16 seconds in 1992, to 14 minutes and 32 seconds in 2001, all whilst remaining at the same VO2 max (Power of 10 data).  Also, “velocity at lactate threshold has been shown to be superior predictors of elite distance running performance” (Thompson 2017). Lactate threshold is the point where pyruvate accumulates in the blood at a rate faster than it can be cleared. This causes exhaustion and intramuscular pain. (Segens medical dictionary 2011). Having a higher lactate threshold is important in running, as it means an individual can run at a faster pace, with a lower lactate level, whereby this pace can be sustained over a longer period without fatiguing from the buildup of pyruvate.  For running, single leg strength is also an important factor, as only one foot is on the floor at any one time. A study by (Sundby et al 2014) found that “greater eccentric strength could help runners absorb the force, provide stability, and allow transfer to a better running economy”. Another key contributor to efficient running performance is core strength. Core strength is important as it allows the torso to remain in a state of equilibrium.  It enables the pelvis, hips and lower back to work collaboratively which in turn reduces energy consumption.  Core strength also significantly improves posture, stability and reduces injury risk (Newtown). 
Method 
Prior to completing any of the tests, the weight and height of the subject was measured using the Seca 875 weighing scale and the Seca 213 stadiometer (Seca, Hamburg, Germany). A biometrical impedance test was also undertaken, to measure the fat percentage and muscle mass of the subject. The subject had to stand on a scale, having completed no intense exercise in the previous 12 hours, and was preferably fasted. A small electrical current ran through the subject, which measured their body fat percentages. For the case study, the subject undertook a variety of fitness tests to determine their current fitness levels, and to compare their results to those required for their sport in endurance running. The testing was performed on two separate occasions over a two-week period. This was because, many of the tests required the subject to be free from fatigue before commencing any test, to ensure the results were valid.  The (Keiser A300 leg press) test was performed by ensuring the subjects legs were at a 90-degree angle. This ensured that the subject was able to benefit from the full range of motion. The subject then had to exert maximum force against the Keiser leg press, after the machine had reset itself after each rep. The subject continued until their peak power score (watts) had reached the maximum level and then started to reduce from the maximum score they had achieved. 
The subject also performed a VO2 max on the cortex metallizer 3B R3 treadmill. A Polar OH1 heart rate monitor strap (Polar Electro, Warwick UK) was used to collect heart rate data during the test. The subject performed a full warm up prior testing, including running on the treadmill for approximately 10 minutes at a speed of 6.5kmph and was instructed to run until their maximum exertion level was reached. The subject then placed a metabolic cart (cortex metalyzer 3B) around their head which captured the oxygen expired from their body during the test. The speed was adjusted every minute by 1kmph, starting at 8kmph, up to 16kmph, and then the incline was increased by 0.5% thereafter until the subject had reached the top speed of 16kmph.  
To determine core strength, the subject performed the 1 minute sit up endurance test (Housh et al 2016).  For the test, the subject had to lie on their back, knees bent, feet flat on the floor and fingers next to the ears with heels approximately 18 inches from the buttocks. Their feet were held down, and the number of sit-ups performed in 1 minute was recorded. The subject had to touch each elbow to the opposite knee, alternately, for the sit up to be recorded. 
The subject also undertook a dynamic balance test called the balance error scoring system. This test is used to assess postural control and balance.  It involved the participant performing a variety of balance tests, including standing on two feet, standing on 1 foot, standing in the tandem pose, once on the board, and the other just on the ground. Each test was performed with eyes closed.  Each position was performed for 30 seconds, and any errors made were recorded.

Case study athlete z score profile
Z score was calculated using data from a range of endurance athletes, for comparison to the subject













Z-score profile of athlete 
The above data is in relation to other, runners, triathletes and endurance athletes who all compete at an average level. The results demonstrate that the case study subject has scored above average for both the VO2 max and sit-up muscular endurance test, indicating strong cardiovascular and core fitness.  The subject scored below average in both the Keiser leg press and sit and reach test. The sit and reach test, is a measure of flexibility in the hamstrings and lower back. With reference to the lower score in the Keiser leg press, this could be because many of the other athletes in the comparative data set are triathletes, who typically need stronger, more powerful legs for the cycling element of the sport. 
Case study athletes’ data in comparison to elite male distance runners
	Elite athlete VO2 max 
	Case study VO2 max
	Elite athlete body weight(kg) 
	Case study body weight (kg) 
	Elite athlete 5km time 
	Case study 5km time 

	73.8 +2.1 
	54
	                                       66.2 +4.3
	81
	                       13:05-13:26
	21:03


Data from (SANTOS-CONCEJERO, J.O.R.D.A.N., 2020) 
Discussion and conclusion
When comparing the subject’s data to the data of elite endurance runners, it is apparent that the subject has a significantly lower vo2 max. A study by (Svedenhag & Sjodin 1983) which looked at the physiological characteristics of elite runners, found that “VO2 max was higher the longer the main distance of their event was”. A later study by (Tjelta & Shalfawi 2016) found the average VO2 max for distance runners competing internationally to be between 70 and 87 ml/kg/min in men. These values are significantly higher than the subjects VO2 max score of 54 ml-kg. Body weight is also a big differing factor, with the subject being around 15kg heavier than a typical elite runner. The difference in 5km time is also a factor, but with structured training, the subjects time could be lowered considerably. 
Flexibility result
The subjects below average result in this category is not a complete downfall. A study by (Trehearn & Buresh 2009) looked at the relationship between sit and reach flexibility and running economy. It was found that “the less flexible distance runners tended to be more economical, possibly as a result of the energy-efficient function of the elastic components in the muscles and tendons during the stretch-shortening cycle”. This highlights that the subjects below average score in this test may be beneficial. Therefore, no interventions need to be made to improve the subject’s current flexibility levels.
How to improve VO2 max
It is suggested that the VO2 max is a measure of the amount of oxygen the body consumes whilst exercising. Having a high VO2 max is important for running because, the more oxygen that can be inhaled, the more ATP (adenosine triphosphate) the muscles produce, which creates the energy to keep powering the intensity of a workout or run’ (Warner 2024). To improve VO2 max, interval training is a critical factor in this development. Interval training consists of running for a set period or distance, and then taking a rest of for example, 1 minute in between each repetition to recover. A study by (Thomas et al. 1984) investigated the effect of running 4 miles continuously at 75% maximum heart rate versus running 8x1 minute intervals at 95% heart rate. The study found the “enhancement in VO2max after 3 sessions per week in 12 weeks was 6.9% for continuous running and 10.3% for the interval training.” This demonstrates the beneficial impact of interval training.” The key to strengthening the aerobic system is to subject it to stress. “Unless you subject your aerobic system to a significantly greater challenge than it faces at rest, it will not adapt” (Fitzgerald 2014). The current guidance to run faster and improve performance, is to ‘carry out 80 percent of your runs at a lower intensity, and just 20 percent at a higher intensity (Fitzgerald 2014). This is known as the 80/20 rule. For the subject, this equates to 20 percent of their runs consisting of interval style training, and the other 80 percent being easy, aerobic volume. To determine whether the 80 percent of aerobic training is in the correct zone, the individual should be able to comfortably hold a conversation throughout. 
Core and overall strength work 
The subject already demonstrates a strong level of core strength. However, to keep this high ability, it is recommended that the subject continues to perform core strengthening exercises regularly. Exercises such as sit-ups, planks, medicine ball work, stability ball work can all be used to improve overall strength.  A study by (Spurs et al) found approximately 6.5% better running economy accompanied by a 2.7% improvement in 3km running time after 6 weeks of plyometric training”. The subject would benefit from performing plyometric exercises twice a week, including exercises such as frog squat jump; alternating lunge jump; and reverse lunge with knee up.  Another study by (Paavloianen et al) found that performing “leg press and knee extensor-flexor exercises with low loads but high movement velocities, improved 5km running times by 2.8%”. The subject needs to incorporate exercises like these, which could further enhance their performance. 


Conclusion 
To conclude, it is evident that the subject has improvements to make in order to enhance their performances and reduce their running times. However, as the subject is relatively new to the sport, they have an increased potential that training smarter, and more efficiently will help them build swiftly towards these results. It is important to note, that due to their minimal training volume history, the subject should only increase their training incrementally, to avoid any potential risk of injury.  
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Z-score profile 


V02 MAX  (ml/kg/min)	KEISER LEG (W)	SIT UPS	WEIGHT (Kg)	SIT 	&	 REACH (cm)	BODYFAT (%)	0.48	-0.37	0.48	0.92	-1.1499999999999999	0.11	
V02 MAX  (ml/kg/min)	KEISER LEG (W)	SIT UPS	WEIGHT (Kg)	SIT 	&	 REACH (cm)	BODYFAT (%)	



