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Case Study Report

Introduction 
This report is based on a Female recreational runner, aspiring to compete in half marathons. Needs analysis has identified strengths and weaknesses and specific qualities needed, highlighting any training areas and injury reduction (Nicholas, 2011). 

Venturini and Giallauria (2022) suggest the main determinants of marathon performance are maximal oxygen uptake (VO2max) and running economy (RE). Performance is strongly related to aerobic capacity, elite athletes express high VO2max volumes (Thompson, 2017), predicting 59% of variance in marathon time (Venturini and Giallauria, 2022). 
Maximal cardiac output is greater due to myocardium hypertrophy and right ventricular enlargement, increasing blood and stroke volume, enhancing oxygen delivery system (Christou et al., 2021; Gordon et al., 2017). Consequently, efficient oxygen utilisation and delivery to muscles and peripheral tissues is observed, availability of oxygen increases Adenosine Triphosphate (ATP) for muscle contraction and energy, using minimal oxygen (Lee, Snyder and Lundstrom, 2020). 
Ability to sustain fraction of VO2max whilst running, minimising disturbance to homeostasis also improves performance (Fletcher and Macintosh, 2017), elite athletes operate at 65-85% VO2max (Gordon et al., 2017) with VO2max of 83 (Joyner et al., 2020).  

RE is the submaximal cost of running, reflecting energy demand, predictor of endurance performance (Barnes and Kilding, 2015). Athletes with greater RE have improved oxygen utilisation, an ability to sustain effort for longer with less energy (Lee, Snyder and Lundstrom, 2020; Shaw et al., 2015). Resulting in greater ATP turnover with minimal loss of energy, increasing running performance and time (Souza et al., 2023; Thompson, 2017). Elite Females RE is 165 (Barnes and Kilding, 2015). 
 
Muscular power, key component for long distance running, creating force whilst under high glycolytic and oxidative energy demand to ascend, descend, or sprint finish can alter performance time (Nikolaidis, Rosemann and Knechtle, 2018; Beattie et al., 2017). Positive adaptations to peripheral neuromuscular system are seen with increased power, such as motor unit recruitment, producing force with less motor unit activation, muscle stiffness and lower limb co-ordination is also increased, decreasing ground contact time, improving efficiency (Beattie et al., 2017; Balsalobre-Fernandez, Santos-Concejero and Grivas, 2016). 5000m athletes mean muscular power from vertical Jump is 30.47cm (Kobal et al., 2017). 
Greater range of motion, functional movement and elastic strain energy occurs with muscle tendon and ligament flexibility, maximising performance (Nikolaidis, Rosemann and Knechtle, 2018; Sulowska-Daszyk and Skiba, 2022).  
Arguably, studies have demonstrated that runners have lower flexibility, potential factor for this could be Genetic (Baxter et al., 2016). Study by Posthumus, Schwellnus and Collins (2011) observed that specific Genes in runners causes inflexibility and improved RE, as pelvic region is stabilised on ground contact through reduced range of motion (Baxter et al., 2016). However, flexibility is needed to reduce muscular damage, poor flexibility could increase risk (Baxter et al., 2016; Sulowska-Daszyk and Skiba, 2022). Athletes mean sit-and-reach tests are 28cm with 15cm starting point (Sheokand, 2018). 
A faster race time associated with lower percentage of body fat (BF) (Nikolaidis, Rosemann and Knechtle, 2020). Determinant of performance due to impact on RE and effectiveness of low BF on energy utilisation (Christou et al., 2021). Less muscular effort for acceleration is needed with lower BF and mass, reducing energy expenditure (Mooses and Hackney, 2017). Decreased BF also assists thermoregulation, efficient thermoregulatory system preserves optimal temperature whilst conserving energy (Mooses and Hackney, 2017). Elite Female runners BF averaged at 10.6%, classified as BF with low risk to injury and amenorrhea. (Stellingwerff, 2018).
Respiratory systems adaptive capacity is vital for performance, gas-exchange is increased, balancing muscle oxygen uptake and carbon dioxide removal (Przybyla et al., 2016). Greater demand is placed on inspiratory and expiratory muscles as ventilation increases, limitation to flow causes hyperventilated breathing, creating metabolic and circulatory costs (Larsen and Sheel, 2015). Greater lung capacity reduces diaphragmatic fatigue, when fatigued respiratory muscles decrease oxygen transport to locomotor muscle (Larsen and Sheel, 2015). Elite runners have greater respiratory muscles, gas exchange and ventilation with forced vital capacity of 6.0L (Lazovic et al., 2015; Rajaure et al., 2023)
Runners have greater ability to oxidise fat, important for superior performance, lower respiratory exchange ratio (RER) is also seen (Rothschild, 2022). Lower RER indicates increased fat reliance and decrease carbohydrate reliance, effectively oxidising fat for fuel sparing muscle glycogen and blood glucose during running (Rothschild, 2022). 

Methods 
Subject 
Female recreational long-distance runner participated in needs analysis, subject visited the laboratory at the University of Wales Trinity Saint Davids in April 2024. Analysis done on anthropometric data, blood pressure, body fat, pulmonary function, RE, vertical jump, VO2max and flexibility, conducted in accordance with ethics and the UWTSD Sport and Exercise Science Physiological Testing Protocols. 
Prior to testing, informed consent and pre-participation screening conducted, completed PAR-Q and informed consent can be found in Appendix A. 

Procedures 
Pre-exercise Screening 
Blood pressure (BP) taken using automated monitor (Boso medicus, Jungingen, Germany) subject seated. BP taken on right arm, uncovered. BP taken 3 times, 2-minute rests between, average systolic and diastolic taken. 

Anthropometry 
Height, weight, body mass and BF measured, subject in minimal clothing, barefoot. Electronic weighing scale (Seca 875, Seca, Hamburg, Germany) used to nearest (0.1kg). Stadiometer (Seca 213, Seca, Hamburg, Germany) measured height in metres to the nearest (0.001m). BMI calculated in kg/height in meters squared (kg. m-2). BF skinfold test (Tanner, 1955) (Harpenden Skinfold Caliper, Baty int, West Sussex, UK) used, skinfold measurements taken on right side of thigh, triceps and suprailium. 3 measurements taken per side, 15 seconds apart, mean measurements within nearest (1mm) taken as final value.


Spirometry
Spirometry test (Hutchinson, 1846) assessed pulmonary function using Spirobank, subject in seated position. Nose clip placed, subject exhaled forcefully for 6 seconds until beeped. Test repeated 3 times, best value taken. 


Running Economy 
RE assessed oxygen cost of running on treadmill (Woodway PPS 55 Med-I,Woodway,Waukesha,USA). Subject fitted with heart rate chest strap (Polar H7 or H10, Polar Electro, Warwick, UK) evacuated Douglas bag (Douglas 100litre with 2100 series 3 way stop cock, Hans Rudolph, Kansas, USA), mouthpiece (Hans Rudolph 2700 series large 2-way non-return breathable valve, Hans Rudolph, Kansas, USA), nose clip and breathing tube available.
Set to 1% incline, steady pace suited for subject, mouthpiece fitted (no hose). Following 5 minutes continuous running, subject straddled belt to fit hose. After 1 minute of continues running, 60s sample of expired air collected including heart rate. 
Atmospheric 02 and CO2 taken using Servomex gas analyser (Servomex miniHF 5200, Servomex, Bristol, UK) before analysing 60s sample of %o2 and %co2 from bags. Bag volume analysed using dry gas meter (Harvard DGM1, Harvard, Massachusetts, USA) until stable number, adding 1.8L to value. 




Vertical Jump 
Vertical Jump test (Sargent, 1921) assessed muscular power. Subject stood on centre of jumpometre base mat, cord attached at waist, string recoiled, counter at 0. 
In upright position, feet shoulder width apart, hands placed on hips, knees flexed to 90⁰, torso upright. Position held for count of 3 before static jump x3. Highest height recorded to nearest (cm). 




Vo2 max 
VO2max (Hill and Lupton, 1923) assessed maximum volume of oxygen uptake and utilisation, on treadmill (Woodway PPS 55 Med-I,Woodway,Waukesha,USA). Subject fitted with heart rate chest strap (Polar H7 or H10, Polar Electro, Warwick, UK). 3 evacuated Douglas bags (Douglas 100litre with 2100 series 3 way stop cock, Hans Rudolph, Kansas, USA), mouthpiece (Hans Rudolph 2700 series large 2-way non-return breathable valve, Hans Rudolph, Kansas, USA) nose clip, and breathing tube available. 4-minute treadmill warm up, speed suited for subject, intensity increased every 2 minutes, sample of expired air collected including perceived exertion (BORG scale), heart rate and pace. 1 minute prior to absolute fatigue, 60s final sample collected. 
Atmospheric 02 and CO2 taken using Servomex gas analyser (Servomex miniHF 5200, Servomex, Bristol, UK) before analysing 60s sample of %O2 and %CO2 from bags. Bag volume analysed using dry gas meter (Harvard DGM1, Harvard, Massachusetts, USA) until stable number, adding 1.8L to value. 


Sit-and-Reach Test
Sit-and-reach test (Wells and Dillon, 1952) assessed lower back and hamstring flexibility. Performed on Sit-and-Reach box (Habdirect, Southam, UK) with advantage of 15cm. Subject warmed up and barefoot. Full extension on knee, arms extended forward, position held for 1-2s, repeated for 3 trials. Best score recorded to nearest cm. 

Statistic Analysis 
Statistical analysis performed to gain Z-score for subject against other fellow subjects using Microsoft Excel. 






















Results 

Below (Figure 1.1) is Z-score profile case study subject in comparison to a group of university students. 

Figure 1.1 Z-Score Profile of Subject in comparison to the group. 
Table 1.1 below shows for each relevant test that was carried out the subjects scores including Z-score in comparison to published data on elite level long-distance runners. 
Table 1.1 Subject score and Z-score of tests in comparison to elite long-distance runners 
	Test
	Subject Score
	Z-Score
	Results from Research

	Body Mass (KG)
	56.6
	-0.7
	Elite Athletes: Mean 47.27kg (7)

	Body Fat (%)
	12%
	-0.2
	Elite Athlete: 10.6% (1)

	VO2 MAX (ml/kg/min)
	37.3
	-0.3
	Elite Athlete: 83 (2)

	Vertical Jump (cm)
	30
	-1.1
	5000m Athletes: 30.47cm (6)

	Sit-and-Reach (cm)
	29
	0.7
	Long-distance athlete: 28cm (5)

	
Spirometry
	FVC = 3.53L
FEV1 = 2.55L
FEV1/FVC = 72%
	
N/A
	(3) Elite Runner: 
FVC =6.0L
FEV1 = 5.1L

	Running Economy (ml/kg/km)
	259

RER: 1.01
	N/A
	World class runner: 165 (4)


(1) Body Fat score, Stellingwerff, 2018. (2) VO2 Max Score, Joyner et al., 2020. (3) Spirometry score, Lazovic et al., 2015. (4) Running Economy score, Barnes and Kilding, 2015. (5) Sit-and-reach score, Sheokand, 2018. (6) Vertical Jump score: Kobal et al. (2017). (7) Body Mass, Dessalew, Woldeyes and Abegaz, (2019). 
Discussion and Conclusion 
Main findings of the case study report have highlighted in comparison to university students and elite long-distance athletes, subjects areas of strengths are; body mass, BF and flexibility. Subjects’ areas which are considered weak are; VO2max, spirometry, RE and vertical jump. 

Subjects body mass and BF indicate that the subject has low healthy BF, minimal risk of amenorrhea and injury (Stellingwerff, 2018). Determinant of marathon performance, subjects’ low BF will be advantageous, allowing the subject to run with less energy for given velocity whilst preserving optimal body temperature, conserving energy (Christou et al., 2021; Mooses and Hackney, 2019). 

Greater flexibility allows the subject to have greater range of motion and functional movement, enhancing elastic strain energy, potentially improving performance (Nikolaidis, Rosemann and Knechtle, 2018; Sulowska-Daszyk and Skiba, 2022). Although studies are mixed, from perspective of injury prevention, subjects flexibility could minimise risks due to enhanced muscle protection (Baxter et al., 2016). 

Subjects low VO2max score is a limitation, subject likely has poor oxygen delivery system compromising running performance and speed (Gordon et al., 2017). Reduced maximal cardiac output, indicates lower cardiorespiratory fitness and stroke volume, subject will likely have lower supply of oxygen to working muscles when demand is needed, resulting in increased demand of energy, utilising more oxygen (Christou et al., 2021; Lee, Snyder and Lundstrom, 2020).

RE value is a limitation, requiring more energy and oxygen to run, resulting in inability to sustain effort for long periosd of time, compromising ability to cover distance with continuous speed (Shaw et al., 2015). RE indicates high amount of oxygen used to cover distance, resulting in low ATP turnover and increased energy needed, influencing ability to sustain pace (Souza et al., 2023). 

Subject has low body power and may find it difficult to ascend, descend or sprint finish with force when under high glycolytic and oxidative energy (Beattie et al., 2017). Decreased rate of force, results in greater need of motor unit activation, creating an inefficient run and decreased speed (Balsalobre-Fernandez, Santos-Concejero and Grivas, 2016). 

Subject potentially has lower lung capacity and pulmonary function (Lazovic et al., 2015). This is a limitation as subject could breathe in hyperventilation whilst running reducing performance (Larsen and Sheel, 2015). Subject also potentially has increased diaphragmatic fatigue, with decrease in oxygen transport to muscles resulting in metabolic and circulatory costs, decreasing gas exchange, impacting race time (Rajaure et al., 2023). 

High RER highlights predominantly carbohydrate utilization, indicating that carbohydrate was the greatest contributor to energy production, subject is likely relying on blood glucose and muscle glycogen for performance, possibly impacting ability to sustain performance (Rothschild et al., 2022). 

Training 
To increase VO2max and improve cardiorespiratory fitness, participating in High intensity interval training (HIIT) is shown to increase maximal stroke volume and cardiac output, improving central o2 delivery (Astorino et al., 2016). Astorino et al. (2016) study highlighted that HIIT training increased maximal cardiac output from 1.5L to 2.1L after 6 weeks. Based on Menz et al. (2019) study HIIT training 3-4 sessions a week for 16 minutes, including 3-4 sets of push-ups, squats, mountain climbers and burpees for 4 weeks has the potential to improve VO2max. 
To improve RE, supplementing running training with 2-3 weekly sessions of strength training can improve motor unit recruitment, changing running kinematics allowing less work to be performed for given submaximal speed (Blagrove, Howatson and Hayes, 2018). 
Blagrove, Howatson and Hayes (2018) suggest from their systematic review that periodised approach to strength training, prioritising heavy isometric resistance training of 60-80% 1RM, followed by mixture of resistance and explosive resistance training can increase lower limb muscle mass, enhancing RE, large benefits can be seen from sessions lasting 6-14 weeks. 
Adding strength training could improve lower muscular power, as Fathir, Hartanto and Kusnanik (2021) suggest functional strength training can enhance activation of trunk muscles, improving power, speed and endurance. 3 sessions a week of as many reps as possible (AMRAP) for 30 minutes working between green and red training zones, increased leg muscle strength and running performance (Fathir, Hartanto and Kusnanik, 2021). 
Using an ergogenic aid such as weighted vest could improve the subject’s lung efficiency due to extra resistance, training the inspiratory muscles (Shei et al., 2017). Shei et al. (2017) study highlighted that adding weighted vest for 3 submaximal treadmill sessions a week for 6 weeks improved exercise capacity and respiratory efficiency. 

Specifically looking at the subject’s nutrition, to enhance endurance performance adapting to high fat diet is recommended, promoting intramuscular triacyl glycerides storage and oxidation of fat, short-term periodised carbohydrate loading will also restore ability to oxidise carbohydrate, particularly during off-season training (Purdom et al., 2018). 
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Appendices

Appendix A – PAR-Q and Informed Consent 
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Z-Score Profile for Subject
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PAR-Q and Informed Consent Form
Personal details |
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