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Introduction (300-400)
The Movement 
Landing and jumping are common and frequent movements in rugby, they can be seen in the sport from lineout landings, competing for high balls and collisions such as tackles. Poor landing mechanics and techniques can increase the risk of injuries within a player and landing is a repeated movement and can put stress on the joints. The jump and take-off are explosives movements are repeated within the sport.
Why biomechanics matter in landing 
The biomechanical side involves the kinematics of joint angles, displacement and velocity of the movement and the kinetics such as what are the muscles actions and forces.  In this movement, Kinematics angles of the hip, knee and ankle will be seen as along with the angular velocity and displacement. Kinetics of muscle actions such as eccentric load will also be mentioned.  Newtons first law is used which is Law of inertia. This is relevant as the body moves in a downward force after the jump (Mochrie, S. De Grandi, C., 2023), Newtons second law which is Force=mass x acceleration,  this is the most important and relevant as the ground reaction forces during the landing (Mochrie, S, De Grandi, C., 2023).Newtons third law is action and the reaction, the relevance of this is the surface pushes back with equal and opposite force (Mochrie, S. De Grandi, C., 2023).
Injury risks 
Having correct landing mechanics allows the ability to stabilise quickly after landing, acceleration after landing and maintain balance (Pedley et al., 2020). These repeated jumping and landing movements and loads can increase lower limb injury risk (Iyanuoluwa S., 2025). Common injuries that can occur are ankle sprains. ACL injuries (anterior cruciate ligament) which have strong links with valgus knees and or stiff landing mechanics (Walsh et al., 2012). Poor or uncontrolled dorsiflexion in the ankles increase the ground reaction force and can contribute to ankle and knee injuries (Fong et al., 2011)












Methods (250-200)
Participants 
The participant that took part in the movement weighed 70kg and measured 171 cm. The participants had 1 year rugby experience and was a class participant. They had no current lower body injuries within the last 6 months. 3 landings were filmed with the best landing being selected to be used. 
Protocol 
Equipment used to record the landing of the participant will be an Apple iPad (9th generation). 1-meter measuring stick will be used on the floor to show a clear picture of where the participant stands. 4 meters will be measured out using a measuring tape. The iPad will be mounted on a 3-meter-high tripod (Raking). The participant took part in 3 practise jumps before the real one was conducted. 
Recordings 
Dartfish soft wear will be used to calculate angles of joints. While the iPad will be recording the participant from the sagittal plane of the right side of the body. White markers will be placed on each bony landmark. These are the shoulder, greater trochanter, lateral side of knee, lateral malleolus and the base 5th. These marker points allow clear points when collecting data.
Data analysis 
To work out angular displacement, the calculation used are the final angle minus the initial angle. The angular velocity is the change in angle/ time. These results are taken by the angles used from dartfish and the time stamp from when each phases started. 
Results (300-350)
In this section, the results of the take-off point, highest point, landing phase and the lowest point of landing have been placed in tables. 
	Phase 
	Time (S)
	Hip (degrees)
	Knee (degrees)
	Ankle (degrees)

	Take off 
	0.07
	169
	170
	147.2

	Highest point 
	1.03
	179.1
	173.4
	173.6

	Landing 
	1.26
	178.1
	156.4
	150.9

	Lowest point 
	1.36
	148.2
	111.5
	69.6


Table 1




	Joint 
	Take off to highest point 
(degrees)
	Highest point to landing 
(degrees)
	Landing to lowest point 
(degrees)

	Hip 
	+10.1
	-1.0
	-29.9

	Knee 
	+3.4
	-17.0
	-44.9

	Ankle 
	+26.4
	-22.7
	-81.3


Table 2- angular displacement 
	Joint 
	Take off to highest point
(degrees/seconds)
	Highest point to landing (degrees/seconds)
	Landing to lowest point (degrees/seconds)

	Hip 
	+10.5
	-4.4
	-299.0

	Knee 
	+3.5
	-73.9
	-449.0

	Ankle 
	+27.5
	-98.7
	-813.0


Table 3- angular velocity 
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The Hip
As shown in table 1, the take off point shows that the hips are in extension when the body leaves the ground at 169°. The highest point of the jump at 1.03 s shows that the hips are in the most extension phase of the jump at 179.1°. During the landing phase at 1.26s, the hip is still at 178.1°, this show that the hips are still in extension while landing. At 1.36 s, the lowest phase of the landing occurs. The hips lands in 148.2°, showing it at its most flexed position through the whole movement. From table 2, it shows that that the hip extends at 10.5°/s during the take off and highest point of the jump, this is a sign of controlled extension. Highest point to landing phase has a decrease of 4.4°/s of angular velocity. Landing to lowest point the hip rapidly goes into flexion, with a decrease of -299°/s indicating a fast eccentric action preparing the hips to act as shock absorber.
The knee 
The knee at take-off point is at 170° which is also nearly at full extension, The knee is at 173.4° meaning that joint is at its maximum phase of extension at the highest point of the jump. The knee starts to move into flexion at 156.4° on the landing phase of the jump. The knee reaches 111.5° which is the most flexed through the movement. From the take off to the highest point, the knee has an angular velocity increase of +3.5°/s, extension is nearing to full. During the movement towards landing phase the knee flexes at –73.9°/s. The lowest landing phase the knee has a strong eccentric movement indicating the knee breaking to manage force. The knee at lowest point had a decrease of 449°/s.
The ankle 
During the take-off phase the ankle is at around 147.2° and in moderate plantarflexion. At the highest point of the jump, the ankle increases to 173.6° of plantarflexion, at this phase of the movement the ankle is at the most extension. During the landing phase, the ankles start to decrease in range and are recorded at 150.9° and sits in a more dorsiflexed position. At the lowest landing phase, the ankles are in a clear dorsiflexed position at 69.9°. The ankle from take-off point to highest point as an angular velocity of +27,5°/s, plantarflexion helps with the lift from take-off point to highest point. Moving into the landing phase the ankle dorsiflexes at a –98.7°/s. The lowest point of the landing the ankle dorsiflexes rapidly indicating that the ankle is the sole shock absorption.







Discussion (750-850)
The hip
During the movement, the participants hip had very limited flexion movement. This indicates that the load of the movement is majority on the knee and the ankle which can increase the stress on those joints, as the angular displacement was –1°. This can suggest that the glutes and hamstring muscles aren't engaging on the initial impact of the movement. Ge et al., (2025) suggests that poor or lack of hip movement reduces the trunk control during a landing, this can have increased effect of valgus knee on an athlete. Due to the –1° of hip flexion leads to minimal eccentric hip control during the movement. The hip flexion increases later in the movement, closer to landing phase showing the late engagement from hamstrings and glutes. Due to the delayed eccentric control forces the knee and ankle to absorb more of the landing force (Bathe et al.,2023)
The knee
During the landing phase of the movement, the knee had moderate flexion of –17°. During the lowest landing phase further increase of knee flexion occurred at –44.9°. The negative numbers suggest that fast movement occurs at these joints.  Walsh et al. (2012) found that different knee flexion angles can have an influence on ACL injury risks. Negative angular displacement and negative velocity shows that there is quick change into knee flexion and eccentric load during the jump to land phase. Chan et al, (2012) suggests larger knee flexion during landing reduces the quadriceps femoris forces. At the same time, it can effectively reduce the ACL load. During the movement the quadriceps eccentrically control knee flexion. As the knee as a high angular velocity (-449 °/s), it indicates that the quads are working eccentrically but at a higher load (Bathe et al.,2023)
The ankle 
During the movement, the dorsiflexion displacement of –81.3 ° show that the ankle is the main shock absorber of the landing. A high angular velocity shows that there is an uncontrolled and fast dorsiflexion movement from the take off point to landing point. As Fong.,C-M et all (2011) supports the less dorsiflexion the higher ground reaction forces, the more dorsiflexion the softer the landing. The eccentric control during a landing for the ankle are the gastrocnemius and soleus, controlled angular velocity can help with smoother absorption of impact of landing. The participant angular velocity was very high (-813°/s) indicating fast and uncontrolled dorsiflexion.
Safety and injury risk
Overall injury risk that may occur from this repeated movement can be tibial stress, ankle sprains and Achilles tendon overload due to the high dorsiflexion outcome during this movement. The knee has a quick knee flexion increase which could lead to valgus knee landings with can strain the ACL, patellofemoral joint stress. 



The movement
Overall, the movement appears stiff and lack of distribution across the joints. The hip does not contribute to the explosive initial jump which reduce the force absorbed. During a normal landing movement completed and performed by skilled athletes, proximal dominant strategy is seen which is hip to knee to ankle. During this landing movement the participant lands in a distal dominant strategy which is ankle, knee to hip (Ge et al,. 2025). For performance, poor biomechanics of the landing can have negative impact on performance. With high eccentric load on the ankle and knees, this can link to ACL risks and overloading the Achilles. Iyanuoluwa (2025) highlights that effective jumping and landing biomechanics, with eccentric control and coordinated hips, knees and ankle movement are essential for stabilisation, performance, and reducing injury risk in athletes.
Strength 
During the movements, strengths of data collection are clear identification of the take off point, the highest point of the jump, the landing phase and the lowest point of the landing. Bony landmarks were identified and clearly marked to allow joint angles to be measured consistently. Using sagittal plane to record to movement allows appropriate analysis of the hip, knee and ankle joints during the flexion and extension phases.

Weakness
Only one camera angle which was recorded at sagittal plane. Footage from different angles such as frontal plane will allow clear observation if the participant suffers from valgus knee or if the ankles clear pronate. Frontal plane view would show risk factors that can relate with ACL strains and other knee injuries.  Further weakness, such as only one participant was used, this minimises different results. One jump was analysed limiting reliability. Three jumps were conducted but the best jump was used for data analysis. No force plate used during the landing, meaning kinetic data for ground reaction time cannot be used. Further to this, the ankle angular velocity of –813° seems a high number, however due to the landing time being at 1.26s and the lowest point time at 1.36s there is a time difference of 0.10s. The ankle at landing phase was at 150.9° and the ankle at the lowest point is 69.9°. 69.9-150.9=-81.3°. Using the angular velocity calculation the values become –813°/s. These results can be consistent with the ankle being the main shock absorber during this landing. 






Conclusion 200-250
Biomechanical data collected for the participants landing from a jump, the main areas focusing on the hip, knee and ankle kinematics across four phases of the movement. These were the take-off, the highest point, the landing phase and the lowest point of the landing. Table 1 shows the values and data from each phase, at take-off phase the hip, knee and ankle were all relatively extended/ dorsiflexed. The highest point showed these joints in further extension and dorsiflexion with the hip at 179.1°, the knee at 173.3° and the ankle at 173.6°. During the landing phase the joint angles all decrease. The knee and ankle have the most noticeable decrease, while the hip has very minimal. The lowest point of the landing phases showed the greatest flexion across all joint, the hip at 148.2°, the knee at 115.5° and the ankle at 69.6°. 
Angular displacement values in table 2 show extension from take-off to highest point of movement, the highest point to landing phase, all joints moved into flexion, the ankle showing the greatest displacement with –22.7°. The landing to lowest point produces the largest angular changes, particularly in the ankle (-81.3°) and the knee (-44.9°).
Angular velocity data in table 3 show low extension velocity between the take-off and the highest point. From the highest point to landing, the angular velocity becomes negative with the ankle at –98.7°. The landing to lowest point produces the fastest joint movement showing rapid flexion at the hip (-299.0°/s), the knee (-449.0°/s) and the ankle (-813.0°/s).
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