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Countermovement Jump
Introduction 
The aim of this report is to investigate the biomechanics of countermovement jumps (CMJ) in respect to injury risk and performance efficiency. CMJs are often used to assess lower limb explosive strength and neuromuscular control (Mackala et al., 2013). Research by Vanezis and Lees (2022) found that athletes who jumped higher produced more power for their body size, especially through their ankles and knees. CMJs are important in assessment of performance in sports such as football and basketball, which involve sprinting, jumping and fast changes of movement (Bygate-Smith et al., 2025). CMJs are important for tracking progression and regression in an athlete and can show biomechanical changes which increased risk of injury (Bygate-Smith et al., 2025). 
The biomechanical components of CMJ consist of kinematics which describe human motion such as position, displacement, and velocity and kinetics which investigate mean force, peak force, and impulse, assessing forces and torques that cause or resist movement (Anicic et al., 2023).
[bookmark: _Int_cV0qlfOK]Newton’s Law’s can be applied here, his 1st Law of Inertia states that the body is in equilibrium during standing, the downward phase of a CMJ breaks equilibrium by creating a downwards acceleration (Frost et al., 2010). The 2nd Law states that a greater, faster force production during the propulsive phase leads to a higher jump (Frost et al., 2010). 3rd Law of Action-Reaction states that the action of the jumper pushing off the ground and the reaction of ground pushing back with equal and opposite force creates upward acceleration (Frost et al., 2010). 
A CMJ has six phases (McMahon et al., 2018). First is the weighing phase, where the force platform records the athlete’s body weight (McMahon et al., 2018). Second is the unweighing phase, when the athlete relaxes agonist muscles and begins to lower by flexing the hips, knees, and ankles (McMahon et al., 2018). Third is the braking (eccentric) phase, where the athlete slows their movement as the muscles lengthen (McMahon et al., 2018). Fourth is the propulsion (concentric) phase, where the hips, knees, and ankles extend forcefully to drive the body upward (McMahon et al., 2018). Fifth is the flight phase when the athlete leaves the platform and reaches their greatest displacement (McMahon et al., 2018). The final phase is landing, where the athlete uses eccentric loading to decelerate on landing (McMahon et al., 2018).


Methods 
[bookmark: _Int_zdXbhEF6]The data collected was from class participants who ranged in age from 19-30, weighed an average of 75kg, and had an average height of 170cm. To collect data, a 9th generation Apple iPad with Dartfish 2D & Motion Analysis software was used to film and assess joint angles, displacement, and angular velocities. A Force Platform FP8 2003 (Hur, Kokkola,Finland) was used to give statistics for power, velocity, and asymmetry, which is essential for investigating neuromuscular control (Bagchi et al., 2024). 
[bookmark: _Int_q9u9Tflu]To ensure the data is accurate and reliable, participants repeated their CMJ 3 times, so results can be averaged and reduce the risk of anomalies (Merrigan et al., 2024). The iPad was positioned 5m away in the sagittal plane; the tripod was 1m above the ground to capture the full jump. A meter stick was placed in frame to calibrate the iPad which shot in frames of 120 per second. Participants wore body markers on their lateral malleolus, lateral head of fibula, and lateral aspect of the iliac crest to measure joint angles. Participants were instructed to stand straight with their hands on their hips and then perform the jump. 
To determine results, joint angles were measured on Dartfish using the Gait Analysis and from that joint displacement was calculated using the equation: 
Angular Displacement = Final Angular Position – Initial Angular Position
Angular velocity measures how quickly the angles of the hip changed over the CMJ; this was done using Dartfish. Performance output data was collected from the Force Platform. 

Results
This section will display the results of the study, showing joint angles, angle displacement, average velocity and performance output. This data analysed is from the last CMJ as this allows the participant to get used to the jumping technique. 
Joint Angles (Table 1)
	Joint 
	Standing 
	Lowest point
	Take off

	Hip
	171.8°
	93.4°
	179.8°

	Knee
	171°
	85.5°
	180°

	Ankle 
	102°
	66.9
	149.5°


Joint angle displacement (Table 2)
	Joint 
	Standing to lowest point
	Lowest point to take off 

	Hip 
	-78.4°
	86.4°

	Knee 
	-85.5°
	94.5°

	Ankle 
	-36°
	82.6°


Images From Dartfish:
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Figure 1: Hip Standing
[image: ]
Figure 2: Hip Lowest Point
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Figure 3: Hip Take Off
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Figure 4: Hip Apex of jump
From the data collected in Table 1 and Table 2 as well as the images, it's clear that the angular displacement changes over the phases of the jump. From the hip joint angles during this CMJ jump, there is moderate hip flexion involved between the standing and lowest point of the jump; displacement was -78.4°. This changes during take-off where the hip moves out of flexion and into extension, with a displacement of 86.4°. This is also the case for the knee and ankle joint, whereby there is significant knee flexion and ankle dorsi flexion. Then, as the body moves upward, the knees move into extension and the ankle into plantar flexion. 

Angular Velocity of the Hip (Table 2)
	Phase
	Velocity (m/s)

	Standing 
	0.0

	Start of CMJ
	0.308

	Max Knee Flexion
	0.161

	Take off
	0.924

	Apex
	1.232

	Landing
	1.54



 [image: ]
(M.F.K = Max Knee Flexion)
Figure 5: Velocity of the Hip in Graph Form
Table 2 and Figure 5 show the angular velocity of the hip during the movement; this is the overall time that the jump took to occur. During the start of the CMJ there is a small positive velocity as the body readies itself for acceleration. Velocity decreases during max knee flexion because the movement changes from a downward to an upward movement. Between max knee flexion and take off, there is a noticeable jump in Figure 5, suggesting that this is the phase that happened the quickest. This is due to explosive power. At the apex of the CMJ, there is the peak velocity as gravity is yet to act on the body. The velocity on landing shows the body accelerating downwards because of gravity and is the highest value which shows the force of the body landing. 

CMJ – Force Platform (Table 4)
	Variable
	Value (mean data) 

	Jump Height 
	39cm

	Peak Power
	4235 W/kg



Table 4 shows the performance output of the jump; the jump height reached 39cm with a peak power of 4235 W/kg. These values were taken on a separate occasion than displacement and velocity, but the participant still completed 3 CMJs on the Force Platform. 

Discussion
During this study, it's identified that there is 85.5° of knee flexion at the lowest point of the CMJ, this suggests that the participant has moderate-deep knee flexion which helps optimise the stretch-shortening cycle (Mackala et al.,2013). Research by Mackala et al (2013) supports this as they assessed biomechanical differences between standing jumps and CMJs, the joint angle measurements for max knee flexion were 82.74° in the left leg and 80.79° in the right leg. 
The angular velocity of the hip was taken during this study; it showed that the hip slowly started to extend and then there was a sudden increase in the amount of extension. One of the key findings in this study is that the participant doesn’t have deep flexion of the hip during the eccentric phase of the squat, this can result in a lower jump height (McHugh et al., 2024).  A shallower eccentric phase can lead to reduced use of the stretch-shortening cycle as the muscle stretch is not maximal; this impairs the jump height (Van Hooren & Zolotarjova, 2017). This can also lead to more load on the knee joints, which can increase injury risk (Bygate-Smith et al., 2025). Research by Yu et al (2020) supports this as they assessed CMJs pre-fatigue and post-fatigue in relation to injuries. It can be seen in the image below from their study that their results are the same as the results in this study. 
[image: ] (Yu et al., 2020).
From the results in this study, the participant is competent in CMJs as his is high, stable and produces a lot of power, these are key for reducing injury risk (Bygate-Smith et al., 2025). Bygate-Smith's (2025) research supports this as they investigated relationships with CMJ performance in team sports and how they linked to development and injury risk. Their research found a strong correlation between high performance CMJs and 1RM back squats as well as powerful knee extension power at 180° and athletes who could change direction well (Bygate-Smith et al., 2025).
In terms of mechanical efficiency, this CMJ was performed well (Suchomel et al., 2016).  Mechanical efficiency is better in CMJs than in static squat jumps; this is because of the stretch-shortening cycle, which is where muscle lengthening is immediately followed by muscle shortening (Suchomel et al., 2016). In a CMJ, the eccentric movement creates a quick stretch of the muscles which stores energy, which the body can use to produce more force on the concentric phase (Suchomel et al., 2016). The stretch‑shortening cycle allows people to jump higher in a CMJ than in a normal squat jump where there’s no pre‑stretch (Suchomel et al., 2016). 
CMJs are a low-risk movement as there is little to no distance travelled and no change in direction (Bygate-Smith et al., 2025). CMJs are often used as a baseline for rehabilitation as they pinpoint physical functionality (Bygate-Smith et al., 2025). CMJs are simple with the only instruction being “hands on hips” to provide consistency, therefore there is little performance demand, compared to a broad jump which is riskier as there is a higher fall risk due to having to jump a distance (Bygate-Smith et al., 2025). The risks come from environmental factors such as the floor surface (Bygate-Smith et al., 2025). 
[bookmark: _Int_lBclI0FJ][bookmark: _Int_iGARqVn6]One of the strengths of the experiment was that a Force Platform was used (Plakoutsis et al., 2023). This is beneficial because it gives further insight into the participant’s CMJ, as well as providing objective data which helps eliminate human error (Plakoutsis et al., 2023). Another strength is that the CMJ was done 3 times; making the results more reliable and consistent as potential anomalies can be addressed (Cormack et al., 2008). This also gives the researcher a generalised idea of the participant’s capabilities, whereas completing 1 jump only means that there is no chance to average data or compare CMJs (Cormack et al., 2008). Using a 1m stick to calibrate the iPad was useful as it establishes scale; by putting a meter stick in the same plane as the movement, it allows Dartfish to calibrate how many pixels represent 1 meter, this helps measure speed, acceleration and distance more accurately (Pueo, 2016).
However, there are limitations. This study didn’t assess bilateral asymmetry which can be key for identifying biomechanical risks of injury (Mackala et al., 2013). For example, post rehabilitation of an injury usually shows compensation of the injured leg onto the uninjured leg which can increase the risk of injuring the uninjured leg (Mackala et al., 2013). Another limitation is that the CMJ was only tested under non-fatigue conditions (Bygate-Smith et al., 2025). As this research links to injury risk factors, it would’ve been beneficial to assess pre and post fatigue to investigate differences in the CMJ (Bygate-Smith et al., 2025). A third limitation is that some participants didn’t wear shorts which meant the body markers had to be put over their clothes, this reduces the accuracy of the body markers as they fall off and they may not have been directly on the bony landmark (Rugg & Sternlicht, 2013). In the future, considering these factors, investigating bilateral analysis and fatigue would need multiple recording angles and potentially 3D analysis.
[bookmark: _Int_cAcyZgJ7]As previously mentioned, CMJs are extremely useful for rehabilitation of a patient as they help track the progression and regression, which is key when considering returning to play (Bygate-Smith et al., 2025). CMJs spot inconsistencies in an athlete’s movement (Bygate-Smith et al., 2025). For example, ACL injuries are common so assessing joint angles in landing and investigating strength deficits using a CMJ can help identify risks which can be reduced through training and rehabilitation (Fontenay et al., 2013). They can be used in training to help athletes learn safe landing mechanics such as using deeper hip and knee flexion to reduce the load on ligaments in the knee and developing proprioception which allows the athlete to become more aware of their body position (Bygate-Smith et al., 2025).
Conclusion
 To conclude, this study found the participant’s hip flexion is moderate and so he is not in any immediate risk of injury (Bygate-Smith et al., 2025). The participant in this experiment has a jump that was stable, this is known because his take off shows him propelling directly upwards, whereas someone who propelling upwards and forwards would have an unstable jump as the landing would be unpredictable (Bygate-Smith et al., 2025). CMJs support rehabilitation as they are a clear and objective test of stability which is key for an athlete returning to sport (Bygate-Smith et al., 2025).
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