Physiological support case study

Introduction 
Rugby is a highly demanding team sport requiring a variety of physiological qualities including strength, speed, power, aerobic endurance, agility, and flexibility. Since the sport is dynamic and high contact, its participants are suposed to display repetitive bouts of high-intensity effort for brief durations, including tackling, sprinting, scrummaging, and jumping, and complement with low-intensity movement. Rugby players are thus supposed to match anaerobic power, aerobic capacity, muscular strength, and flexibility.

The anaerobic energy systems, particularly the ATP-PCr and anaerobic glycolysis systems, are key determinants of short-duration, high-intensity exercise common in rugby, such as sprints and tackles. The Wingate Anaerobic Test is a standard measure of a person's capacity to generate energy at high intensity over short terms through testing peak and average power outputs (Coppin et al., 2012).

Leg strength for the lower limb is needed for scrummaging and tackling. The Keiser Leg Press test for this strength is used in sprinting and jumping performance (Comfort et al., 2014).

Acceleration over 10 meters or speed is crucial in rugby. The 10-meter sprint test for this acceleration has top-level backs completing the 10 meters in about 1.77 seconds and forwards in about 1.85 seconds (Darrall-Jones et al., 2016).


Flexibility, as quantified by the Sit and Reach test, is also important for the prevention of injury and performance. Greater flexibility will enhance stride length and mobility, reducing the opportunity for soft tissue injury (Behm & Chaouachi, 2011).

Power-endurance, or the ability to perform repeated explosive efforts, is also important under prolonged bouts of play. The Step-Up Test can quantify this ability.



An optimally balanced physiological profile is needed for rugby players. A slow but strong player might not be useful, and the reverse. Physiological profiling in detail determines strengths and weaknesses, which guides the formulation of evidence-based training programs.


Method 
A hand full of chosen physiological tests were performed to measure the physical functioning of the subject and evaluate rugby performance. The testing was done under test conditions after warm-up procedures to minimize the risk of injury and maximize reliability.  The testing was done and in the laboratory environment,  with maximal effort encouragement being given in the form of verbal encouragement.

Wingate Anaerobic Test (Cycle Ergometer): Assessed anaerobic power and capacity. The subject performed a 5-minute warm-up, followed by a 30-second all-out sprint against resistance set at 7.5% of body weight. Peak and mean power outputs were recorded (Coppin et al., 2012).  The subject sprinted "all-out" for 30 seconds. Peak power (peak output in 5 seconds) and mean power were assessed. Peak 6-second power was also computed from the upper window of 6 seconds of maximum output. This assessment scored the subject's anaerobic energy system performance to the degree necessary for rugby short-duration, high-intensity work.

Keiser Leg Press Test: Evaluated maximal lower-body strength using a pneumatic resistance leg press machine. After a warm-up, the subject performed incremental lifts until failure, with the highest successful load recorded (Comfort et al., 2014). After a general lower-body warm-up (bodyweight squats, submaximal presses), the subject conducted incremental lifts, beginning with a moderate load. Resistance gradually increased until the test subject could no longer attempt a maximal repetition using proper technique. The highest successfully completed load was measured (180 kg). The measurement is indicative of the ability of the athlete to generate force with the lower limbs, an element critical to scrummaging, tackling, and sprinting. Keiser Arm Press Test.
Step-Up Test: Measured muscular power-endurance. The subject performed step-ups on a 40 cm box at a cadence of 30 steps per minute until exhaustion, with total repetitions counted.   The subject stepped up and down onto a 40 cm standard box to cadence on a metronome at 30 steps per minute. The subject performed the stepping until voluntary exhaustion, and the total number of steps taken was measured (48). The test assesses the ability to make repeated explosive efforts of the lower limb for prolonged durations of play.
10m Sprint Test: Assessed short-distance acceleration. The subject sprinted 10 meters from a standing start, with time recorded using electronic timing gates. Short-distance acceleration was measured with the 10m Sprint Test. The subject was positioned behind one of two timing gates and sprinted as fast as possible for 10 meters. Time was automatically captured to two decimal places with electronic timing gates to permit accuracy (recorded time: 2.39 seconds). Three trials were conducted, and the fastest time was noted (Darrall-Jones et al., 2016).

Sit and Reach Test:  The degree of flexibility was assessed by Sit and Reach Test. The patient sat on the floor with his or her straight legs and his or her flat feet on a sit-and-reach box. After a warm-up consisting of dynamic stretching that is standard, the patient performed three maximal forward reaches without knee flexion. The best performance of three tries was noted (Behm & Chaouachi, 2011) (27 cm). The test indirectly measures most hamstring and lower back flexibility, relevant to sprint mechanics and prevention from injury.










Results 
The subject’s physiological test results are summarized in Table 1. Group averages and standard deviations were not available, so z-scores could not be precisely calculated. In a typical analysis, z-scores would reflect how many standard deviations an individual's score lies from the group mean, providing a useful indicator of relative performance within a cohort.
	Test
	Subject’s Score
	Normative Range (Rugby Players)
	Comparison

	Wingate Peak Power (W)
	611 W
	600–900 W (backs); 700–1000 W (forwards)
	Slightly below forwards; typical for backs

	6-second Peak Power (W)
	Average ≈ 577 W
	600–900 W
	Slightly below average

	Keiser Leg Press (kg)
	180 kg
	180–250 kg
	Lower end of normal range

	Step-Up Test (reps)
	48
	50–60 reps typical
	Slightly below average endurance

	10m Sprint Time (s)
	2.39 s
	Elite backs ~1.7–1.8 s; forwards ~1.9–2.0 s
	Slower than elite players

	Sit and Reach (cm)
	27 cm
	30–40 cm
	Below average flexibility



The subject's maximum Wingate power (611 W) was within that of a rugby back but less than that of a forward player, who would typically generate values above 700 W. His 6-second mean maximum power (~577 W) was sub-elite as well but suggested anaerobic power development potential.

The Keiser leg press result (180 kg) places the participant at the lower end of the expected level of rugby player strength, with forwards generally scoring well in excess of 200 kg on lower-body strength tests.

The Step–Up Test result of (48 reps) fell short of the 50–60 repetitions goal by a small margin, representing a moderate muscular endurance that could be raised further.

The 10m sprint time of 2.39 seconds was much slower than elite rugby standards, when backs will typically cover the distance in under 2.0 seconds. Acceleration is very crucial in rugby, but certain positional roles (such as front-row forwards) require a little slower sprint speed.

Finally, Sit and Reach Test value (27 cm) indicated lower hamstrings and lower back flexibility than standards (30–40 cm) and musculoskeletal injury risk and dynamic movement restriction range.


Discussion 
The physiological profile of the participant shows strengths and weaknesses in terms of rugby-specific demands. Anaerobic power and lower-body strength were the strengths identified, but weaknesses were seen in acceleration, flexibility, and muscular endurance.

Values of the Wingate test (peak power: 611 W; 6-second average: ~577 W) are moderately well-developed anaerobic energy systems. While values are near predicted outputs for rugby backs, they are below the higher demands required by forwards, who require higher force output to participate in scrummaging and mauling activities (Gabbett, 2005). Anaerobic capacity development is crucial as it directly impacts repeated high-intensity activity performance like sprinting and tackling (Gabbett, 2005).

The Keiser leg press result (180 kg) places the subject on the lower end of the rugby player normative data range. Although sufficient for elementary level performance, maximal strength development can enable playing in scrummaging, tackling, and running. In addition, enhanced strength enables injury prevention through the ability of players to easily resist physical forces applied in games (Comfort et al., 2014). Maximal strength training using heavy loads (≥85% 1RM) has been shown to induce increases in force production and power explosive specific to the sport of rugby (Comfort et al., 2014).

Step-Up Test performance (48 reps) is just below average muscular endurance compared to expected rugby standards (50–60 reps). Muscular endurance is critical in a bid to sustain performance throughout multi-stage play and to resist fatigue with repeated efforts. Facilitated adaptation of this trait would also have beneficial impacts on the player's work rate, particularly in the second half of a game as fatigue begins to constrain performance (Gabbett, 2005).


2.39 seconds of sprinting 10m is also suboptimal for rugby athletes whose backs need to run around 1.7–1.9 seconds. Acceleration is another that is pivotal for rugby as important movements such as line breaks and defensive runs are characterized by acceleration. Increases in sprint mechanics, reactive strength through plyometrics, and lower-body explosive strength also contribute to improvements in play on the pitch. Sprint training interventions such as resisted sprint, sled push, and overspeed training are evidence-based to enhance early-stage acceleration (Seitz et al., 2014).

Flexibility, as measured by the Sit and Reach Test (27 cm), is subnormal values of 30–40 cm. Excessive poor flexibility, particularly hamstrings and the lower back, can increase the risk of injury as well as overload performance for dynamic movement of tackling and brusque change of direction. Having the addition of a flexibility program of dynamic stretching before training and static stretching after training will enhance range of motion as well as minimize the risk of injury (Behm & Chaouachi, 2011).


Evidence-Based Training Recommendations

Anaerobic Power Development
Add repeated sprint interval training (e.g., 6–10 repetitions of 6-second maximal sprints with 30–60 seconds recovery) to enhance peak power production.
Add high-intensity cycling interval training (e.g., Wingate-like training protocols) 1–2 times/week.

Maximal Strength Training
Start a structured resistance training program with compound exercises (e.g., squats, deadlifts, lunges).
Emphasize lower-rep, high-load protocols (e.g., 4–5 sets of 3–5 reps at 85–90% 1RM) for leg strength development.
Progressively overload beyond 8–12 weeks.
Sprint and Acceleration Work 
Implement resisted sprinting (sled push, band-resisted running) on two weekly sessions.
Emphasize the building of technique such as hip drive, arm swing, and body position.
Add plyometric training (e.g., bounding, depth jumps) to optimize neuromuscular explosiveness.

Muscular Endurance Improvement
Utilize circuit training with bodyweight and weighted (e.g., step-ups, Bulgarian split squat, kettlebell swing) exercises performed at moderate intensities for increased repetitions (15–20 reps).
Progressively add rugby-conditioning drills that mimic multiple patterns of play.

Flexibility and Mobility Training
Pre-training dynamic mobility sessions daily (e.g., leg swings, walk lunges twist) need to be incorporated.
Post-training static (hamstrings, hip flexors, lower back, calves) stretch and foam roll.
Minimum 10–15 minutes per day of specific mobility work should be achieved.
Conclusion 
The subject has a suitable foundation level of fitness to play rugby but must improve towards some targeted enhancement of heightened levels of performance. Acceleration, lower-body strength, anaerobic power, and flexibility are aspects where emphasis would be warranted. Implementation of evidence-based practices under consideration must positively affect on-field enhancement, injury resistance, and overall athleticism of the subject. A periodized, structured program created specifically to meet these demands would most assist in improving the subject as a rugby player.
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