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The Effects of Fatigue on a Counter-Movement Jump.




Abstract
Jumping performance is a huge role in many sporting environments, therefore the ability to with-stand fatigue is important for a consistent performance. Testing for jumping ability in useful to identify the athlete’s strength and power capabilities. Using a force platform and HUR force platform software, conducting a counter movement jump (CMJ) allows the practitioner to identify areas of strengths and weaknesses in their jumping abilities. Identifying what happens during fatigue in an athlete’s jumping performance can be useful to the practitioners to acknowledge weaknesses. One male athlete was testing on an CMJ using the HUR force platform, pre and during fatigue jumps were testing and analysed. Displaying that fatigue reduces to efficiency to contract the muscles, the athlete’s jump height and other characteristics weakened. This suggests that athlete’s that need to perform jumping movements need to undertake specific strength training to enable to athlete to become more resistant to fatigue. 

Introduction
The capability to jump is important in many sports, such as football, basketball, netball and volleyball. Young et al., (1999) explains how techniques of jumping can vary depending on the take-off performed, whether it is a standing jump, or an approach run jump. In sporting environment there are many different jumping movements, whether they’re performed on two or one leg and in various directions. A vertical jump is commonly used as a performance test to assess explosive power and to aid prediction in athletic ability (Brodt et al., 2008). As 

there is a relationship between vertical jump and other performance-related factors, such as speed and strength (Liebermann and Katz, 2003), identifying vertical jump height can be a predictor for performance. This study is based on a counter movement jump (CMJ), which is a vertical jump performed with a dip or slight movement in the body (e.g., bending of the knees) using both legs. Brodt et al., (2008) evaluates that the CMJ begins with the athlete dropping their arms and flexing at the hip, knees, and ankle, which generates a small downward (essentric) movement. Athletes are advised to reach approximately 90-degree flexion on the downward phase. This is then followed by an explosive (concentric) extension of the legs and an upwards swing of the arms at take-off. During the flight stage, subjects should keep their knee extended and first contact on the force platform should be with their toes. Furthermore, the essentric contraction developed by the initial downward movement in the CMJ allows the athlete to jump noticeably higher using this technique, rather than when a down-ward movement or arm swing is not allowed (Lees et al., 2004). The athlete is required to perform the CMJ with their head, trunk and extremities all face in the same direction and that their feet remain stationary before initiating the take-off. 
	Muscle fatigue is defined by Hubal et al. (2008) as the inability to maintain a given force or power output, which develops during most exercises. Fatigue occurrence during exercise is dependent on many factors, including exercise mode, duration, and intensity (Hunter et al., 2004). Also, the speed at which fatigue developed is dependent on the characteristics of the athlete performing the task (Westerblad and Allen, 2003), for example, their age, hierarchy and training status. The CMJ test is a commonly used method to measure neuromuscular fatigue (Mate-Munoz et al., 2017), in terms of given mechanical variable (i.e. force, velocity or power output), which enables to calculate the muscle’s loss of capacity to generate power during the movement. During fatigue production there is a build-up of end metabolic products such as lactate, and increased lactate highly weaken the capacity of contraction in muscles (Mate-Manoz et al., 2017). Therefore, the better then athlete’s fitness or ability to overcome a task then their response to producing fatigue would be slower. Whereas, an athlete with poorer capabilities to undercome a task would become fatigued much quicker. 

Method 
Using a biomechanical assessment of video analysis to record the movements in two dimensions, which are post-fatigue and during fatigue. A force platform will be used which is a piece of equipment that is designed for jump testing. Also, the HUR Labs Force Platform Software features test protocols for the most common jump tests, during this study the counter movement jump test will be utilised. Results are shown in both numerical and graphical format and immediately calculated via the software. A kinematic analysis was conducted and completed for a vertical jump movement on a male amateur athlete, whom is a UWTSD student, aged 20. The athlete is 175cm tall, with a weight of 78kg.  
[image: ]To begin, the athlete will have the opportunity to warm their muscles before performing the jump to ensure optimal performance and to reduce risk of any injuries. This will entail a 10 to 20-minute warm-up, with the athlete working at 60%-70% of their maximum heart rate. Dynamic movement and stretching will be advised during the warm-up. Then, they will be asked to stand on the force platform in a comfortable position ready to perform a jump. They will be able to use their arms for an optimal jump. This protocol has been adapted from Wisloff et al., (2004) as they used a similar software called Bioware. Once the conductor has set the force platform software up, the athlete will perform their jump and it will be analysed.
 After the athletes’ first pre-fatigue jump test they will then be using the keiser leg press machine in order to reach fatigue. This machine is a combination of unilateral and bilateral movement and pneumatic technology. Using this machine carefully and safely, the athlete and conductor will ensure that the seat is adjusted to a good position where the athlete’s legs are at a 90-degree position and their lower back is fully supported. In order to reach fatigue, the athlete will be producing leg press repetition until failure, working at 75% of their maximum ability. Once the athlete has reached fatigue, they will repeat their jump on the force platform. Results will then be analysed and compared between the pre-fatigue vertical jump and the fatigued vertical jump. 

Results
Many characteristics of the jump have been calculated via the force platform software. Measurements have been analysed from the athlete’s pre-fatigue jump and their jump at fatigue and put into a table to compare differences. 
[image: ]As seen in table 1, the athlete’s jump height pre-fatigue was 46.6cm whereas during fatigue it became 40.92cm. As the athlete’s jump height had decreased this identifies that strength (46.58N to 30.37N) and power out-put (5099.81watts to 4863.46watts) also deceased, shown in table 1. Furthermore, fatigue has increased the athlete’s contraction time from 861.67ms to 942.5ms. There is a clear negative impact on all the characteristics measured due to the athlete being fatigued. 
Figures 1-5 include the athlete’s movement in five different joints, which are shoulder, elbow, hip, knee, and ankle. A kinematic analysis has been undertook to identify angles at each joint before and during fatigue. The fatigued jump being in the colour red displays a difference in joint angles from the pre-fatigue jump in the colour blue. The data to construct these figures are displayed in table 2 below. Table 2 clearly compares each angle at the joints throughout the movement. In figures 1-5 and table 2, it is clear that both pre-fatigue and during fatigue vertical jump movements took 2.70seconds the complete. Throughout this movement, at every 0.30 seconds, the angle at each joint was measured. At 0.00 seconds the athlete initiates the movement and at 2.70 seconds they have finished the movement, therefore at both of these times the angles are similar as it is the athletes’ standing position. In table 2, the pre-fatigue jump and at fatigue jump are being compared at every 0.30 seconds. This identifies the changes in angles at each joint when the athlete is fatigued.
[image: ]

Discussion
The purpose on this study was to identify the effects of fatigue during a vertical counter-movement jump. As seen in the results section above, during the fatigued CMJ there is a visible difference. Table 1 displays the clear difference in the characteristic of the CMJ results, which allows the practitioner (i.e. coach) to identify how fatigue effects that specific athlete. Fatigue has reduced the athlete’s jumping height by 5.68cm, therefore this identifies that the athlete’s strength and power has decreased (seen in table 1). Due to the lactate build-up of fatigue the athlete is unable to contract their muscles as effectively, therefore reducing their contraction time in the jump by 80.83ms. Displayed in figures 1 to 5 are the differences in range of movement in the athlete’s joints, identifying the different movements in the fatigued jump. This study was based on one athlete, if experimented on several athlete then they would all need their own protocol in order to reach fatigue. Each athlete is affected by fatigue differently dependant on their characteristics of fitness. 
Research suggests that various resistance training programmes designed to develop speed-strength have had significant improvements in vertical jump performance (Adams et al., 1992). This suggests that strength specific training programmes can improve an athlete’s vertical jump performance, thus improving their power. Improving on an athlete’s jumping ability through training programme can also improve on other aspects on their fitness and performance ability. For example, Wisloff et al. (2004) identifies that there is a strong correlation between vertical jumping performance and sprint times, as they’re both derivatives of maximal strength. Strength and conditioning coaches should be prescribing the athletes strength and conditioning training programmes specifically focusing on jumping performance (Ziv and Lindor, 2010). For athlete’s that require a good ability in jumping performance, specific training programme would be useful to increase capability to continue jumping movement for a longer period. A better capability to undertake jumping movement would decrease the fatigue production and allow the athlete to perform at optimal performance for longer. Further research could consist on an 8 week training programme specific to jumping performance, and producing the same pre and during fatigue test to identify whether the athlete’s resistance to fatigue has changed. 

Conclusion
To conclude fatigue plays a big role in optimal performance capabilities. During explosive movements such as jumping, fatigue can dramatically reduce characteristics such as jumping height, flight time, max power, strength, and increase contraction time. Therefore, prescribing appropriate training programmes specific to the athlete’s aspects to the sport can allow the athlete to be more resistant to fatigue for a longer period. 
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Figure 1: Angle at shoulder before and during fatigue.
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Figure 3: Angle at hip before and during fotigue.

Figure 5: Angle at ankle before ond during fatigue.

Figure 2: Angle at elbow before and during atigue.
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Figure 4: Angle at knee before and during fatigue.
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‘Table 2. Angles at joints during a vertical jump movement, both pre-fatigue and during

fatigue jumps.
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