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Biomechanical Analysis


Introduction
My client is a 20-year-old male rugby player who plays as a prop. The role of a prop involves pushing against opposing players in a scrum, tackling members of the opposing team, and providing support during lineouts. His injury history includes a left hamstring strain over a year ago. The nature of his position requires high levels of strength and stability in the lower body, like the hips, hamstrings, and quadriceps, as well as overall muscle endurance to withstand the physical demands of scrums and tackles.
The purpose of this analysis is to evaluate my clients for muscle imbalances and weaknesses, Particularly in the lower body, as well as to assess their movement patterns like squatting. Identifying these imbalances is critical for my clients to have a better understanding and knowledge to change their training to improve their sporting performance. I will examine these imbalances and weaknesses to identify any potential risk of hamstring injuries. Additionally, I will assess various angles of the knee to determine the optimal position for enhancing performance during a squat, which will be beneficial to my client during scrums.
To carry out this assessment, I will use a Keiser A420 machine to evaluate my client's peak power output from both the right and left legs. I will also analyze the player's range of motion in the knee, hip, and shoulder. This comprehensive evaluation will help to identify areas for improvement, aiming to prevent injuries and enhance the player's overall athletic performance.
By the end of this assessment, I will emphasize the importance of muscle strength and flexibility in preventing future injuries. 
A study by Green et al,. (2020) states that athletes with stiffness in their hamstrings had a greater risk of injuries or reinjuring. It was found that stiffness in the hamstring and surrounding muscles inhibits their ability to absorb force, especially during high-intensity activity like sprinting or jumping; this leads to a greater risk of muscle strain and/or tears. This links in with the client whose position as a prop involves explosive power as happens during scrums or tackles.
The Keiser A420 monitors muscle performance, power, fatigue, and resistance; it analyses power by calculating how much force and velocity there is during movement and helps understand athletes' strength and overall performance (Keiser 2025).
Analysis 
The Muscles and Their Actions
The primary muscles engaged during a squat are the hamstrings, which include the biceps femoris, semitendinosus, and semimembranosus. Their main functions during the squat involve knee flexion and hip extension, and they are active throughout both the downward and upward movements of the exercise (Lee et al,.2022).
Another important muscle group involved in squats is the quadriceps, which consists of the rectus femoris, vastus lateralis, vastus medialis, and vastus intermedius. The primary action of the quadriceps is knee extension, and they are engaged during both the upward and downward phases of the squat (Lee et al,.2022).
Additionally, the gluteus maximus plays a significant role in the squat, primarily contributing to hip extension and being particularly engaged during the upward phase (Coratella et al,.2021)

My client's active range of movement for the knees is; 
Left knee flexion – 122° 
Right knee flexion – 135° 
Left knee extension – 0° 
Right knee extension – 0° 
Normal active knee flexion is 120° - 150°, normal active knee extension is 0° (Roach and Miles 1991).
The measurement shows that the right knee flexion is within the normal range, while the left knee flexion is still within the normal range but at the lower end (122°), and with a slight reduction compared to the right knee flexion (135°); this could indicate that my client's previous hamstring injury is limiting his active range of movement.  
For extension, both knees show a normal range of motion (0°), which shows no mechanical restriction or stiffness within the muscle and supports normal function when the client is doing activities like squatting, running, jumping or tackling. 
The slight reduction in the left knee may be from his previous hamstring injuries, which could be limiting the full range of motion during flexion. However, both knees show normal extensions, which could suggest that there is no ongoing stiffness or mechanical issues. 
My client's active range of movement for the hips is; 
Left hip flexion – 65° 
Right hip flexion – 91° 
Left leg extension – 7° 
Right leg extension – 15° 
Normal active hip flexion ranges from 120° – 140°, and the normal hip extension ranges from 10° - 30° (Roach and Miles 1991).
The left leg shows a significant reduction in both flexion (65°) and extension (7°) compared to the right side, which shows that the client's hamstring injury might be limiting the range of movement; this restriction could be from muscle tightness, scar tissue, or weakness within the hamstrings. 
Both my client's left (65°) and right (91° ) hip flexions are below the normal range; this shows that both legs have the same restrictions. This could stem from poor posture and muscle imbalance. 
Those reduced ranges of motion can lead to compensatory movement patterns like lower back strain.
My client's active range of movement for the shoulder is; 
Left flexion - 178° 
Left extension - 57 ° 
Right flexion -  176° 
Right extension - 52  ° 
The normal range of motion for flexion is 180°, with the main flexor of the shoulder being the anterior deltoid, pectoralis major, and coracobrachialis. The normal range of motion for an extension is 45° – 60°, with the main muscle that performs extension being the posterior deltoid, latissimus dorsi, and teres major.(Chang, Anand, Varacallo 2023).  
Both left and right shoulder flexion are slightly below normal range of motion, with the right showing more restriction, the left flexion being (178°) and the right being (176°). Due to Both shoulder flexions are slightly reduced, this could mainly be from muscle tightness and should not be affecting normal function. 
Both left and right shoulder extensions are within the normal range of motion of 45° – 60°, with the left extension being (57 °) and the right extension being (52 °). The right shoulder is still slightly reduced compared to the left, with a reduction of (5°); this could be from muscle tightness or muscle imbalance. 
See below for data from the Keiser machine and with the knees at different angles (30°, 60°, and 90° knee flexion).

	
	Left 
	Right 
	Power combined in Kg

	30°
	465kg
	469kg
	934kg

	60°
	496kg
	500kg
	996kg

	90°
	534kg
	546kg
	1080kg



At 30°, the right leg exhibits a slightly higher power output of 469 kg compared to 465 kg for the left leg, with a minimal difference of only 4 kg. At 60°, the right side again shows a slightly greater power output, registering 500 kg compared to the left’s 496 kg, with the same difference of 4 kg. However, at 90°, the power difference becomes more pronounced, with the left leg producing 534 kg and the right leg producing 546 kg, resulting in a 12 kg difference. Overall, there is a consistent increase in power output as the angle of the knee increases from 30° to 90°. The power increases by 62 kg from 30° to 60° and by 84 kg from 60° to 90°. When comparing the right side to the left side, the right leg consistently demonstrates greater power output across all angles tested. The right side shows a slightly greater power output than the left (500kg compared to 496kg, with the differences being the same as the 30° at 4kg. At 90°, the power difference is the greatest, with the left leg being 534kg and the right being 546; at 90°, the difference is 12kg. There is a consistent increase in power out as the angle of the knee increases from 30° to 90°; from 30° the power increases to 62kg, and from 90° to 60° the power increases to 84kg. Comparing the right side to the left side, the right has more power output than the left with all the different angles.
Recommendations 

Due to my client's history of hamstring injuries and from looking at my client's hip flexion results, I recommend incorporating both passive and active stretches on the hamstring into their routine. Nishikawa et al. (2015) indicated that active stretches, which involve using one's own muscles to stretch, have demonstrated a significant improvement in hamstring flexibility (p = 0.01). Additionally, passive stretching has also shown positive results in enhancing flexibility and has actively shown an improvement in hamstring flexibility (p=0.01), and passive stretching has shown signs of improvement. This will improve my client's hip flexion.
Nordic hamstring curls are highly effective for strengthening the hamstrings and preventing injuries. They are particularly beneficial in sports that require high-intensity action, quick changes in direction, and sudden sprints, such as football and rugby. The effectiveness of Nordic hamstring curls comes from their ability to provide a high-intensity eccentric contraction, which stimulates both muscle growth and strength (Muhammad et al, 2024).
Strengthening the quadriceps can help improve sports performance and reduce the risk of injuries. Strengthening the quadriceps can improve sporting performances as the quads are beneficial for running, jumping and squatting, which are all key factors in rugby. The quadriceps also absorb shock and stabilise the knee. Increasing the quadriceps can lead to less strain on the surrounding muscles and joints (Mohammad Ahsan and Abdullah Alzhrani, 2024).
Improving the hip flexor can help to increase the ROM of the hip extension. Exercises like novel pelvic tilt stretch (PPTS) can help reduce lower back pain and increase the range of motion for active hip extension. To perform the novel pelvic tilt stretch (PPTS), begin by tilting your pelvis backward, which effectively stretches the hip flexors. This exercise not only encourages a deeper stretch but also helps to strengthen the connection between the 
A type of exercise that can be beneficial to my clients is plyometric exercises; these exercises focus on explosive movement to help improve power, agility and dynamic balance. The common types of plyometric exercises are jumping, hopping, medicine ball throws and lateral skater jumps. The benefits of plyometric training are enhancing muscle power by improving the ability of the muscle to produce greater force, increasing agility to develop quick direction changes, improving balance and coordination by enhancing neuromuscular control and proprioception, as well as strengthing the muscle and connective tissue to reduce injures (Fatouros, I.G et al. 2000)
In summary, adding passive and active stretches for his hip flexion and hip extension into my client's routine will increase flexibility, which will be beneficial in increasing his active hip flexion and hip extension. Both passive and active stretching have shown to be great at improving the range of motion. In addition to flexibility work, strengthening exercises like Nordic hamstring curls will improve my client's strength. Nordic hamstring curls effectively strengthen the hamstring through a high-intensity eccentric contraction, which is key for rugby players who require explosive power and agility. Moreover, strengthening the quadriceps will further enhance my client's performance in rugby by improving his running, jumping, and squatting, as well as quadriceps strength, absorbing shock, supporting the surrounding muscles, and stabilising the knee. 
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