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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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Abstract
Gait analysis is the study of human motion and posture to enhance walking or running performance and to reduce the occurrence of injury. It can be used to reduce hypokinetic health conditions, reduce the likelihood of developing musculoskeletal strategies compensatory, and improve pain free movement. Multiple factors can influence gait, these could be terrain, equipment, anthropometric characteristics, psychological influence or pathological factors. This article examines the affect speed has on gait analysis, and the changes this has on sprint performance. The study required a healthy adult to perform a series of sprints, all of which was recorded and the joint angles analysed. Supporting articles found that speed has a significant effect on gait analysis, however many examined walking gait or gait of adults with other health concerns. My research considered an adult with no significant health conditions, focusing on the sprinting performance. 
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Introduction
Does speed affect sprint performance or not? Exploring this concept allows us to understand key variables within the subject matter. This information could subsequently be used within athletic training to further biomechanical understanding and analysis. Gait analysis is a good method of testing sprint performance as it allows us to gain knowledge in further performance areas such as cadence, stride length, knee rise, heel kick, landing position of the foot and so on. This information could be, for example, used when training athletes with the aim to reduce risk of injury during both training and performance. It can also be helpful in the medical management of diseases which affect the locomotor system. (Whittle, 1991)
The gait cycle begins when the foot contacts the ground and ends when the same food contacts the ground on the next step. The cycle is broken down into two phases, the stance phase and the swing phase. The stance phase of gait describes the point where the foot is in contact with the ground. The swing phase of gait occurs after the foot leaves the ground until the next foot contact occurs; the leg is swinging forward and preparing for the next foot strike. Both the stance phase and the swing phase can be further broken down; the stance phase starting with initial contact, then loading which is when the foot is flat, then mid stance, then terminal stance which is when the heel is off the ground, then pre-swing which is when the toe comes off. The swing phase starts with the initial swing, moving to the mid-swing, then lastly to the terminal swing. (Protokinetics Team, 2018)
Running gait is more variable than walking gait. Eighty percent of runners land on their heel when in shoes, and the remaining twenty percent of runners land either on their mid or forefoot. The foot is in contact with the ground for one tenth to five tenths of a second while the runner is landing with 2.4-3.0 times their bodyweight. Overuse injuries to the lower extremity are typically caused during the stance phase. (Langer, 2011)
To measure gait, analysing from the sagittal plane is preferable as this gives us an easy view of joint angles around the hip, knee, and ankle. For this study, we will be looking at how speed effects the gait cycle, therefore gait will be analysed at four different speeds. The gait will be analysed for each speed individually and then results will be compared allowing us to conclude whether or not the gait is influenced by the speed.  



Method
Equipment used to gather the results included a treadmill for performing the four sets of sprints, an iPad to record the sprints for later analysis, and the hudl technique app to establish the angles for each gait phase, for the ankle joint, the knee joint and the hip joint. 
When recording the sprints, the runner was asked to run for 10-20 seconds at four different speeds; 8 km/h, 10 km/h, 12 km/h and 14 km/h. The full recording was cropped into four parts, one for each gait cycle per speed.  Recorded from the sagittal plane, markers were placed on the ankle joint, the knee joint and the hip joint for maximum possible accuracy when later analysing the angles. 
In order to analyse the gait cycle, first, each video was uploaded onto the hudl technique app labelled as the speed to minimise confusion when later collecting the results. One gait cycle was taken for each speed; from the foot’s first point of contact with the ground to the same foot’s second point of contact with the ground. The angle of the ankle, knee and hip were then measured for both the stance phase and the swing phase. 


Results 
Table 1 - 8km/h
	
	Hip
	Knee
	Ankle

	Stance
	150-177-142
	159-135-175
	80-106

	Swing
	174-127-153
	171-68-161
	106-80



Table 2 - 10km/h
	
	Hip
	Knee
	Ankle

	Stance
	150-152-179
	171-131-161
	87-104

	Swing
	179-126-142
	161-60-159
	104-87



Table 3 - 12km/h
	
	Hip
	Knee
	Ankle

	Stance
	140-146-175
	148-123-162
	77-98

	Swing
	175-123-146
	162-45-162
	98-77


Table 4 - 14km/h
	
	Hip
	Knee
	Ankle

	Stance
	147-141-177
	163-131-176
	91-125

	Swing
	177-125-145
	176-38-163
	125-91



In the tables above, we see the comparison of the range of movement of the hip, knee and ankle for both the stance phase and the swing phase for a single gait analysis for four different speeds. 
Through the stance phase, the hip reached 150 degrees at 8km/h, 150 degrees at 10km/h, 140 degrees at 12km/h and 147 degrees at 14km/h at full extension and 177 degrees at 8km/h, 152 degrees at 10km/h,146 degrees at 12km/h and 141 degrees at 14km/h at full flexion, then returned to 142 degrees at 8km/h, 179 degrees at 10km/h, 175 degrees at 12km/h and 177 degrees at 14km/h at the final extension. The knee extended to 159 degrees at 8km/h, 171 degrees at 10km/h, 148 degrees at 12km/h and 163 degrees at 14km/h then reached 135 degrees flexion at 8km/h, 131 degrees at 10km/h, 123 degrees at 12km/h and 131 degrees at 14km/h, and went back to 175 degrees at 8km/h, 161 degrees at 10km/h,162 degrees at 12km/h and 176 degrees at 14km/h at extension. The ankle started with dorsiflexion as it initially contacted the floor at 80 degrees at 8km/h, 87 degrees at 10km/h, 77 degrees at 12km/h and 91 degrees at 14km/h then went to plantarflexion at 106 degrees at 8km/h, 104 degrees at 10km/h 98 degrees at 12km/h and 125 degrees at 14km/h as it left the floor.
Through the swing phase, the hip began with an extension of 174 degrees at 8km/h, 179 degrees at 10km/h, 175 degrees at 12km/h and 177 degrees at 14km/h, bringing itself to a flexion of 127 degrees at 8km/h, 126 degrees at 10km/h, 123 degrees at 12km/h and 125 degrees at 14km/h and then back to an extension of 153 degrees at 8km/h, 142 degrees at 10km/h, 146 degrees at 12km/h and 145 degrees at 14km/h. The knee first extended at 171 degrees at 8km/h, 161 degrees at 10km/h, 162 degrees at 12km/h and 176 degrees at 14km/h, then continued to a flexion of 68 degrees at 8km/h, 60 degrees at 10km/h, 45 degrees at 12km/h and 38 degrees at 14km/h, and then returned back to an extension of 161 degrees at 8km/h, 159 degrees at 10km/h, 162 degrees at 12km/h and 163 degrees at 14km/h. The ankle makes the reverse movements at the same angles for each speed in the swing phase starting with a plantarflexion and back to dorsiflexion. 
The most dramatic change upon the gait with the varying speeds is the range of movement of the knee. For the swing phase of the knee joint, there is a significant decrease in the angle of maximum flexion as the speed increases. It starts with a maximum flexion of 68 degrees, decreases to 60 degrees with the first speed increase from 8km/h to 10km/h. It then decreases again to 45 degrees at the next speed increase to 12km/h and lastly to 38 degrees at 14km/h. This demonstrates that for the knee, as the speed increases, the range of movement is affected, with the maximum flexion angle decreasing, overall increasing total range of movement. However, the remaining results do not show any significant pattern between the speed and the angles throughout the gait cycle. This suggests the knee joint is the main area to be affected with a change of speed. 
Discussion
According to Perry, (n.d) during a normal gait cycle, the range of movement for the ankle is 90 degrees at dorsiflexion and drops 10 degrees at plantarflexion. We can roughly see this in the results with the dorsiflexion at close to 90 degrees and each time dropping in approximately the same degree. For 8km/h is drops 26 degrees between dorsiflexion and plantarflexion, at 10km/h it drops 17 degrees, at 12km/h it drops 21 degrees and at 14km/h it drops 34 degrees. Although it is a very rough pattern, the similarity of our results to Perry’s is visible. 
[bookmark: _Hlk29581878]Gait analysis can be used not only for sporting performance but also for clinical health assessments. At the Newington Children’s Hospital, gait analysis is used to provide quantified assessments of human locomotion which assist in the orthopaedic management of various paediatric gait pathologies. (Davis, Ounpuu, Tyburski, Gage, 1991). This is an example of where gait analysis can be further used as well as within wider clinical applications as an analysis technique. Gait analysis can also be used in clinical settings by orthopaedists where gait analysis is utilised as a tool in determining pathologic mechanisms such as skeletal deformity, pain, weakness, sensory loss, and spasticity. Observational gait analysis is used daily by most orthopaedists. (Perry, Thorofare k, Davids, 1992)
[bookmark: bau005]In an article by Hebenstreit, Leibold, Krinner, Welsch, Lochmann and Eskofier (2015) gait analysis was examined along with the duration of the stance sub phases and the swing phase for 12 different walking speeds. All distinct stance sub phases changed significantly with speed which suggests the importance of accounting for gait speed when comparing gait phase durations. Although in our testing we did not divide the stance phase into multiple sub stance phases, it does suggest an importance of speed that could be seen to affect our results. However as demonstrated in the results, it was not possible to draw a conclusion if there being a significant correlation between gait and speed. This highlights a contrast of suggested outcomes between this study and our own, however there is chance that variables such as personal fitness of subject, physical composition of subject, filming angles, shoe type, and plenty more could have had an effect on the results. 
[bookmark: _Hlk29583281]Previous studies have found that after performing ‘multiple functional regression analyses, the results indicate that walking speed is the main factor influencing gait’. (Roislien, Skare, Gustavsen, Broch, Rennie, Opheim, 2009). 
Using the literature, and through our own study, we can demonstrate how vital gait analysis is when movement performance is concerned. Described by Dicharry (2010) ‘the ultimate goal of gait analysis is to understand the relationship between an individual’s functional capabilities and limitations and gait pattern, with the purpose of enhancing performance while preventing injury.’

Conclusion
The results showed us a definite pattern with the range of movement with the knee joint, and a very loose pattern with the range of movement with the ankle joint. Overall, the study concluded that gait cycle is mildly affected by speed, however there is no clear and definitive pattern throughout. This is disappointing as the research studies suggested there would be a clear correlation, however for us this did not occur. Multiple factors could have affected this, such as shoes, warm up intensity, or general fitness. It would be beneficial to re-test to gain an understanding as to whether or not our test was correct.  
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