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Kinematic Analysis

Conduct a complete kinematic analysis of a sporting action on two athletes of different abilities, or one athlete in at least two contexts in order to full describe the movement and highlighting training advice for the athlete or coach.

Write a 2000 words article (Journal of Sport science format) describing the data and justifying training advice.

Tasks


1. Using video and or other relevant biomechanical assessment techniques record a sporting performance that occurs primarily in 2 dimension.

2. Conduct and compare an identical second analysis on the athlete within a different context (fatigue, higher resistance, different equipment) or compare to a high performing athlete.

3. Describe the observed sporting action potentially in terms of;

a. Phases,
b. Joint angles,
c. Linear displacement, velocity and accelerations.
d. Angular displacement, velocity and accelerations.
e. Joint and muscle forces (if appropriate)
f. Additional biomechanical assessments as appropriate

4. Based on the information observed, collected and deduced justify training and performance recommendations.

5. Complete a 2000 work journal (in the format of the Journal of Sport Sciences) based report describing 


Assessment Criteria

Further details relating to the specific requirements of levels grading and format for the article will be provided during lectures and tutorials.
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	What have you found most satisfying whilst undertaking this submission?
	I enjoyed learning more about the biomechanics and the principles of biomechanics in relation to performance. 
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Abstract 
To investigate the effects of fatigue on biomechanics and physiology in relation to cycling performance, a 21-year-old male volunteered to participate in the study. The participant completed a 10-minute warm-up, which included a gradual increase in intensity throughout the time, in order to prepare for the testing. The testing involved 6 repetitions of 30 second maximal cycling intervals on a Wattbike. Each interval was separated with 3 minutes rest between. The intervals were recorded for accuracy and all data was notated for further analysis post-test. The resistance remained the same for each test (air resistance 10) with the participant cycling maximally for each 30 second interval.  The research design was a one-shot design, with 6 accumulative tests undertaken in one session. The results were compared in relation to the variation and decrease in power, calculating the difference in percentage between the high and lower power values. Peak power (W) was measured along with 5 second maximum power, fatigue factor, average power, average power between 0-5 seconds and average power between 26-30 seconds. Each variable showed a reduction in power to some degree. Percentages were calculated to display the rate of reduction in power. Peak power was reduced by 37% at its lowest throughout the testing. The reduction in average power between 0-5s was 47%, compared with 21% for average power between 26-30seconds. 

Introduction 
Cycling requires efficient physiological and biomechanical fitness/technique for sustained and repeated effort. Regarding performance, the greater the efficiency in relation to the body positioning and limb angles, may result in greater performance variables. The research undertaken investigated several physiological variables throughout the process of an athlete completing 6 repetitions of 30 second maximal efforts on a Wattbike Ergonometer.  Data that collected for each test included average power (W) for 0-5s and 26-30s, power (W) 5s maximum, fatigue factor and average power (W). 

Method 
Study Design
The study design involved a one-off set of testing which involved 6 repetitions of maximal intensity cycling on a Wattbike Ergometer. Physiological data was collected after each interval for analysis. The testing was not filmed, as the importance of the data was for comparison purposes. 3 minutes rest was prescribed between repetitions. 
Participant

A 21-year-old male volunteered to participate in the study. The participant was physically active and had experience of regular road cycling. 
Equipment

A Wattbike and an Apple Iphone was used during the testing process to record the time spent and data collected during the testing. 

Protocol 
Before beginning the testing, the participant underwent a ten-minute warm-up in order to ensure the body was physiologically prepared for several bouts of maximal activity. The warm-up was completed on a Wattbike, with the participant gradually increasing the resistance throughout the warm-up in order to increase physiological parameters such as heart rate (bpm), power (W) and cadence (rpm). After the warm-up was conducted, the 
participant had one minute before the testing began to prepare for the testing. The participant performed 30 seconds at maximal intensity, with a grading of 10 wind resistance on the Wattbike. The participant rested for 3 minutes between each 30 second interval, which involved active 
rest in the method of walking as opposed to remaining pedalling on the Wattbike. After each interval, the data provided by the 
Wattbike, including average power (W) for 0-5s of the duration, average power for 26-30s, 5s maximum power (W), fatigue factor percentage, average power and peak power
were noted. These variables were inputted in Table 1 for further analysis.
Data analysis
Data collected throughout the intervals were inputted into a table for analysis. The data including average power (W) for 0-5s, average power (W) for 26-30s, maximum 5s power (W), fatigue factor (FF) and average power (W) was collected for each interval. The data was then analysed using the table format to compare any variances or differences in values across the 6 repetitions. Specifically aiming to identify any reduction in power throughout the testing. 

Results

Peak Power

 During the repeated (6 times) 30 second maximal intervals, there was a significant decrease in peak power produced by the participant between the highest and lowest power (37%), with a standard deviation (SD) of 126.6 ±.  

Average power

              Similarly, there was a reduction in average power between 0-5s and 26-30s throughout the 6 intervals. A 47% reduction occurred between 0-5s of the lowest and highest average power. In addition, there was a 21% decrease in average power within 26-30s amongst the highest and lowest power values. Both show a reduction in average power, respectively.


Fatigue factor

             In contrast, fatigue factor decreased by 14% when compared the lowest and highest percentage. Fatigue factor relates to the decrease in power from the highest to lowest power within the 30 seconds of the test.

5s maximum power

There was a definitive reduction in the 5s maximum power. The reduction of 28% suggests a decrease in the amount of maximal power sustained for 5s throughout the tests. The percentage reduction compares the highest value of 850 W and lowest value of 565 W.

Average power

Overall, there was also a reduction in average power (W). The average power is a measure of the average power that was produced by the participant throughout the 30 second duration of the testing. 




	30s interval
	0-5S avg power (W)
	26-30s avg power (W)
	5s maximum power (W)
	Fatigue factor
	Average power (W)
	Peak Power (W)

	1
	850 W
	557 W
	850 W
	34 %
	749 W
	963 W

	2
	639 W
	567 W
	755 W
	25 %
	682 W
	821 W

	3
	660 W
	510 W
	743 W
	31 %
	643 W
	848 W

	4
	602 W
	478 W 
	615 W
	22 %
	585 W
	675 W

	5
	458 W
	449 W
	565 W
	21 %
	518 W
	614 W

	6
	539 W
	523 W
	652 W
	20 %
	562 W
	736 W

	avg
	624 W
	514 W
	696 W
	25 %
	623 W
	776 W

	sd±
	132 
	45 
	104
	5.7
	84.7
	126.6


Table. 1 Power data collected during test

Discussion	This study aims to investigate and establish possible physiological changes that occur during the onset of fatigue, as a result of repeated high intensity cycling on the biomechanics of a cyclist. Briefly, the results show a reduction in most parameters, which can be hypothesised as the participant was not an elite athlete, nor should an individual be able to sustain the same power for 6 intervals of 30 seconds without signs of fatigue. Although research suggests fatigue can manifest after a single bout of 30 second maximal cycling (Brown and Martin, 2010), this study aims to investigate the accumulative effects of repeated activity.
As a result of completing 6 bouts of maximal cycling, the results suggest the participant was experiencing fatigue, as the power produced reduced significantly toward the latter intervals. Several explanations may account for this. Research conducted by Temesi et al., (2017) suggests that anaerobic metabolism is a fundamental aspect of high intensity events such as track cycling. Minetti, (2010) found the fundamental joints associated with cycing, namely the hip, knee and ankles may alter in movement matterns when placed under an increased amount of load or stress. This added shear stress may contribute to an increased work demand, increasing anaerobic metabolism and thus, increasing the time to fatigue.  



The participant in this study was instructed to cycle for 10 minutes on a Wattbike Ergometer. The participant was instructed to warm up adequately in preparation for a prolonged period of maximal testing. Tomaras and MacIntosh, (2011) found traditional warm up activities that aim to increase the heart rate and stroke volume in order to prepare for exercise may have detrimental affects on exercise performance.   Warm up activities that evoke too high demands from the athlete appeared to have negative physiological effects on performance, compared with a reduced intensity warm up having positive effects on power output and greater concentration of blood lactate. 
Furthermore, Sundberg et al., (2017) investigated the differences between men and women athletes in relation to fatigue. The results show fatigue experienced during short-term, intense, maximal exercises are largely due to compensatory neuromuscular activity and the involvement of anaerobic activity, which fuels the 30 second interval intensity shown in this study. 
The data in table 1 shows the percentage reduction from the highest peak power achieved and the lowest peak power. The reduction value was 37%, which suggests the athlete was working maximally to maintain the same intensity throughout the intervals. The research suggests that neuromuscular factors may have affected the participants ability to produce the same power after several intervals, which may affect the participants ability to perform the correct biomechanical movement patterns. 
In addition, the percentage of difference between the intervals regarding the fatigue factor was 14%. This data highlights the fact that there was not a large amount of variance in the fatigue factor, which suggests the participant was working efficiently to sustain the greatest power possible. 
The results in table 1 show the SD for the measured variables. Regarding the 5s maximal power, the standard deviation had a large range. This large variation shows that fatigue and other factors such as anaerobic metabolism, neuromuscular changes and physical discomfort may have affected the participants ability to sustain the same power for 5 seconds. 
Wittekind et al., (2012) found strenuous warm-up activity prior to performance negatively affected the participants performance. A reduction in power was recorded after a single bout of 30 second maximal activity. Wittekind et al., (2012) suggests a rise in blood lactate may have caused the decrease in power. Reduced anaerobic glycolytic production additional to decreased aerobic metabolism may hinder the ability to produce adequate power and oxygen. 

Conclusion 
The finding in this study suggest fatigue does affect an individual’s capacity to sustain high-intensity, maximal cycling.  The results show a definite decrease in power, both peak power and average power throughout the test. For future research, greater physiological variables could be monitored throughout the testing. Electromyographic imaging, heart rate monitor, blood pressure, vo2 max and blood lactate could be measured and monitored during future tests in order to establish more relationships between factors. Research supported the theory that fatigue can affect performance, specifically physiological variables and biomechanical factors. Neuromuscular factors may have affected the participants ability to maintain the cycling position that was utilised during the first interval.
Recommendations
In relation to performance, cyclists of all ages and disciplines would benefit from regular high-intensity training to further adjust the body to the demands of high intensity training.  Resistance training with specific exercises that relate to performance cycling may help to increase the resilience of the neuromuscular system when placed under extreme stress.  Regular aerobic and anaerobic conditioning will increase the anaerobic and aerobic metabolism of the athlete, thus, increasing the rate of oxygen delivery  and  position when cycling, which will improve the biomechanics and efficiency of the athlete. 
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