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Biomechanic Analysis report on CMJ landing

Introduction
Biomechanics is essential in sport as it helps optimize an athlete's performance movements to improve technique, generating more power and optimizing timing of sport specific movement patterns (knudson, 2007). In this report, I will be investigating the movement of a counter movement jump. Animasaun (2025), suggests that this movement is important due to landing being the phase where the greatest forces occur, by reason of as the ground forces during landing has the potential to be 3 times bodyweight depending on technique.  This movement, when done efficiently can allow for faster transition into following movements such as cutting sprinting or rebound jumping (Baus, Harry and Yang, 2020). When it comes to landing kinematics there are 3 variables; joint angles, velocity and displacement. Hamill and Knutzen (2006) suggests that Kinematics is used to describe how the body moves during landing without considering forces. Therefore, the joint angle when landing should show greater hip and knee flexion which increases the time of forces that would be absorbed (Devita and Selly, 1992). If poor technique is carried out when coming into a landing position, will increase the possibility of injuries such as ACL or patellofemoral joint stress (Hewett et al, 2005).  The vertical velocity when initial contact on the ground decides the magnitude of declaration required (Hamill and Knutzen, 2006). The displacement of the centre of mass is important as it would indicate a superior shock absorption therefore an increase in displacement is beneficial for this movement (Devita and Selly, 1992). In reference to newtons law, the second law suggest that rapid deceleration increases impact forces which supports that correct joint angle technique is important to reduce risk of injury (McGinnis, 2026). Furthermore, the third law explains the ground reaction force. The ground applies an equal and opposite force to the body at contact which suggests how important an athlete's technique is to manage that force (Hamill and Knutzen, 2006). McGinnis (2026) suggest that lower limb joints act as a third-class lever during landing to help control trunk position and prevent excessive knee valgus. The impulse–momentum relationship further highlights the importance of increasing force application time to reduce landing forces. Therefore, a lower centre of mass and greater joint flexion enhances stability and improves force exhaustion (Hamill and Knutzen,2006). This report will investigate the biomechanics of a counter movement jump landing with respect to performance efficiency and injury risk.
Methods 
For this investigation, a 2D video based biomechanical analysis will be carried out to capture a landing technique. The purpose of this is to measure the kinematic variables during the contact phase with the ground after descending from a counter jump movement (CMJ). The software chosen to analysis this movement is dartfish as it gives a frame-by-frame examination of the joint angles, centre of mass displacement and velocity. The key variables that will be quantified in this investigation will be joint angles and movement patterns on the hips, knee and ankle.  The participant used for this investigation is a male, 20-year-old active student with no known lower limb injuries.
An iPad (Apple 9th generation) was used to video the movement and was set up on a 1 metre try pod to avoid any interference with the video footage. The try pod was positioned to capture a sagittal plane view to allow clear inspection of the hip knee and ankle joint positions at the highest point during an CMJ, initial contact with the ground and lowest point after landing. Before recording, three white markers were placed on the greater trochanter, tibial plateau and lateral malleoli to allow easier, clear and specific landmarks to define the major lower limb marks. The participant was instructed to jump and land naturally with hands placed on the hips to avoid upper body variability. Three jumps were recorded and environmental conditions such as lighting, surface type and camera distance and height were kept consistent throughout the video recordings. Informed consent of the participant was obtained before capturing this movement and anonymity will be maintained. 
There were some limitations within this data collection process. The use of a 2D video restricts analysis to a single plane which limits accuracy of spotting frontal plane deviations such as knee valgus. As there would be no use of force plate data indicating that GRF values would not be directly quantified. Furthermore, small sample size and variability in participant effort may influence findings. 
Results 
The participant's joint angle measurements across the CMJ phases were collected and displayed in table 1. The table shows clear changes in lower limb kinematics from standing to take and during landing. The corresponding angular displacement and velocity displacement are sown in table 2 and 3. 
Table 1 
[image: ]

Table 2 – Angular displacement across CMJ phases
	Joint
	Standing to lowest
	Lowest to take off
	Take off to highest
	Highest to landing
	Landing to lowest (post- landing)

	Ankle
	-30.5
	61.1
	-11.1
	1.4
	-73.0

	Knee
	-69.8
	81.8
	-10.0
	5.4
	12.9

	Hip
	-70.0
	84.4
	-2.3
	-12.0
	-64.2



Table 3- Angular velocity across CMJ phases 
	Joint
	Standing to lowest
	Lowest to take off
	Take off to highest
	Highest to landing
	Landing to lowest (post-landing)

	Ankle
	-31.4
	381.9
	-34.7
	5.0
	-243.3

	Knee
	-71.9
	511.3
	-31.3
	19.3
	43.0

	Hip
	-72.2
	527.5
	-7.2
	-42.9
	-214.0



Images 1                                                                  Image 2
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At standing phase, all joints are mainly in extension with angles of 123.7° at the ankle, 154.4° at the knee and 164.6° at the hip. During the downwards phase to the lowest point, the joints are moving into considerable flexion where the ankle has decreased by –30.5°, the knee by –69.8° and the hip by –70.0°. As shown in figures 1 & 2, the joint angles decrease at the hip as the participant goes into passive flexion ready for concentric loading. This shows the production of moderate angular velocities ranging from –31.4°/s to -72°/s, indicating a that the participant has a controlled decent and an effective countermovement for sharing elastic energy for the take-off.
Image 3 
[image: ]
From the lowest point to take off, all joint move into explosive extension where the ankle increases by 61.1°, the knee by 81.8° and the hip by 84.4°. Image 3 shows the extension the participant goes into from the burst of concentric loading from the lowest point. Angular velocities show to be high as they occur over a short period of time (0.16s) especially at the knee and hip. These values show the explosive concentric action required to generate vertical movement during the jump.


Image 4
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Between take off and the highest, angular changes are minimal showing small negative displacement (-11.1° at the ankle, -10.0° at the knee and –2.3° at the hip) and low angular velocities. As shown in image 4, the participant is in slightly less extension than at the take-off.
Images 5                                                                       Image 6
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The landing phase mechanics show an extended position at initial contact. There data shows only small angular changes between the highest point and landing as shown in figure 5. The ankle increased slightly by 1.4°, the knee by 5.4° and the hip decreased by –12.0° indicating the participant was a stiff landing mechanic. Image 6 supports this as there is little flexion shown during the lowest point after landing. Larger angular displacement does occur after landing in the lowest point especially at the ankle showing –73.0° and the hip at –64.2°. These values suggest that most force absorption occurred during the lowest point after landing rather than the initial contact. 
Discussion 
The data presented in tables 1,2 and 3 demonstrates that joint angles, displacement and velocities of the landing phase of a CMJ indicate that the participant has a primarily stiff landing technique due to delayed flexion in the joints. Between the highest point and the landing, the ankle changed by 1.4°, the knee changed by 5.4° and the hip by –12.0°, showing that the participant contacted the ground in a relatively extended position. Biomechanically, this indicates that the participant has reduced eccentric control and a shorter deceleration period. Due to this, there is a small range of motion in the lower limbs to absorb the impact forces coming down from the jump into landing. This then limits then joints' ability to ...ground reaction force efficiently, The weight of the participant could contribute to this as the GRF is naturally higher as it scales with body mass because the participants eccentric loading is not strong enough to match the increased load resulting in a stiffer landing to stabiles quickly on landing. As the participant has minimal flexion on contact and high post landing angular displacement could indicate they may be managing high impact forces with insufficient eccentric control at the moment of contact.
 When compared to literature discussed in the introduction, there is an emphasis on efficient landing requires increased hip and knee flexion to lengthen deceleration time and reduce GRF (Devita and Skelly,1992). However, the analysis of data shows that the participant has minimal flexion at initial contact, specifying a stiff landing mechanism with an extended posture. Animasausn (2025) suggests that the landing phase produces the highest forces, therefore as the participant joints do not flex early enough for landing, the body has less time to slow down after impact and higher peak forces are transmitted through the joints. As there is reduced eccentric control and a shortened deceleration period aligns with newtons second law as rapid declaration increases impact forces. Hewett et al, (2005) suggests that because of this technique, the participant increases the patellofemoral joint stress and increased ACL loading.   Although frontal plane alignment could not be assessed using a 2D sagittal plane alignment, the stiff landing could suggest that valgus or rotational deviations were present during landing, increasing injury risk further.
Performance demand also plays a part in interpreting these results as the participant produced high angular velocities during take-off with the hip being 527.5°/s and the knee 511.3°/s. This displays strong concentric power however not matched with effective eccentric loading during landing. Devita and skelly (1992) suggests that athletes usually prioritise jump height and power over safe landing techniques, implying this imbalance is common in sports.  While a stiff landing may allow for quicker stabilisations for transition into follow movement, it increases mechanical stress on lower limbs joints and can compromise long term joint health. These findings are consistent with the literature discussed in the introduction as efficient landing mechanics require controlled flexion on all lower limb joints. The present analysis shows the importance of counter movement jump height and land efficiency and safety.
The stiff landing patterns highlights areas of improvement such as eccentric control in training to eliminate any injury risk from reduced shock absorption, especially in the knee. It is important to control deceleration and joint flexion retraining within rehabilitation to ensure safe force management when returning to sport.
There were several strengthens and limitations to this data collection method. A key strength is the use of dartfish as it provides a time stamps to analysis joint angle data to allow the calculation of angular displacement and velocity. This is important to provide detailed understanding of landing mechanics. Furthermore, the use of 2D sagittal plane video is a limitation as it does not capture frontal plane movements such as any abduction or knee valgus that may be present during landing. These movements are critical in evaluation to assess ACL or patellofemoral injury risk.  The placement of markers on bony landmarks or camera alignment could impact the accuracy of joint angle measurements if not correct. Another limitation would be the absence of force plate data meaning that GRF were presumed rather than directly measured. This limits the ability to determine impact severity for better understanding. Lastly, the use of more participants and trails would have added more generalisability on findings. 
Conclusion and Recommendations 
[bookmark: _Int_2sNrCBSZ]To conclude, the participant demonstrated a stiff landing that shows slight flexion in the ankle, knee and hip at initial contact after a CMJ. The data shows that the force absorption was higher after the landing, highlighting that eccentric loading was limited. As a consequence of this, there was a shortened declaration period reducing mechanical efficiency and higher risk of stress on lower limb structures.  As there is limited eccentric control in landing and a high concentric power during take-off, highlights an imbalance between generating force and absorbing force safely. Hewett et al (2005) suggests that practicing increase deep hip and knee flexion at landing by focusing on drop landings would be beneficial for this participant to avoid ACL load. To improve eccentric strength of lower limb muscles, slow tempo squats and Nordic hamstring exercises would help reduce landing forces and improve stability of joints (Blackburn and Padua, 2008).  By adding neuromuscular and alignment training, would improve landing mechanics and reduce ACL injury risk therefore focusing on single leg balance and hip abductor strength with band walks would be beneficial (Hewett et al, 1999).  Mirror or video feedback would also be beneficial to improve alignment of lower limb joints. Next time the research is carried out, using a frontal plane video and adding a force plate analysis to measure ground reaction force would provide a more accurate picture for joint loading and GFR data.  
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