Kymberlee Jones 	1704248	SHSS5093

[image: C:\Users\H.cale\Documents\My Received Files\logomain.jpg]

LEVEL 5      

SEMESTER 2                                                                         


MODULE CODE: 			SHSS5093

MODULE TITLE:		BIOMECHANICS OF SPORT AND EXERCISE
ASSESSMENT TYPE: 		EXPERIMENTAL RESEARCH
ASSESSMENT/COMPONENT: 	2

COMPONENT WEIGHTING: 	50 %

WORD COUNT: 			2000

MODULE TUTOR: 			David Gardner




SUBMISSION DETAILS:   	by 3.00 pm through Turnitin

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. [bookmark: _gjdgxs]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 
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Biomechanical Analysis of a rower’s phase with and without resistance on a concept2 Rowing Machine.

Abstract 
For this report research will be undertaken and will be investigating an analysis on one female rower concentrating on the technique employed whilst on a concept2 rower. The female will be rowing for two minutes with no resistance and then rowing with resistance at level 5 on the concept2 rowing machine. After recording and analysing the research, the study showed that the female had more angular depth and velocity for resistance in the trunk, knee and ankle, compared to no resistance where they only had greater angular depth in the ankle and shoulder. There are four phases of the rowing stroke; there are a few risks to these phases especially if the technique is not correct; there is a particular risk to the spine. The spine is more vulnerable especially during the early drive phase as there is an increased load in the flexed position and then must change position quickly to an increased loaded extension movement where there are large forces generated by the legs (Pollock,et al, 2015). 
Introduction 

This report will be analysing the difference of an individual’s technique with no resistance and comparing it to high resistance on a rowing machine and analysing the biomechanical movements.  It will look at their technique while giving feedback and coaching advice when necessary. Rowing is considered to be among the most physically demanding of all endurance sports. It involves an interaction between physical strength, endurance, the individual skill of the athlete and the optimal design of the equipment. Compared to many contact sports the level of injury in rowing is comparatively low. However, in recent years concern has been expressed about the number of spinal problems, with an incidence of 15 - 20% amongst elite and club level rowers (McGregor, 2003).

To maintain a correct rowing technique and maximise an individual’s performance, the individual will need correct posture and correct sequencing of the leg, trunk, and arm motion to maintain a correct rowing technique (Martin, 2012). 

Herbert Hatze in 1974 gave the definition of biomechanics as the study of the structure and function of biological systems by means of the methods of mechanics. The definition of biomechanics has changed through the years to specify on the subject that biomechanics is being used in. In recent years biomechanics has been seen as the study of forces and the effects they have on living systems. This definition would be more accurate in an explanation for sports biomechanics (McGinnis, 2013). 

Coaches have an important role in sport and biomechanics as they are one of the key members to improve an individual’s performance by applying qualitative biomechanical analysis methods and their knowledge of mechanics to correct an individual’s technique to improve the execution of that certain skill the individual has acquired (McGinnis, 2013). Coaches need to have a great knowledge of rowing and the biomechanics and kinematics that are needed to coach a successful rower and enhance an individual’s performance. One of the key factors a coach needs to know is the phases of a rowing stroke.

The rowing stroke is made up of four phases, the drive, recovery phase, the catch and the finish phase (Pollock, et al, 2015). The drive phase is started with the catch position, in rowing this is when the blade of the oar starts to enter the water and the rower uses their power to apply pressure at their foot position and this starts to initiate the drive phase. After this the rower then initiates the finish of the drive phase when the oar is removed from the water. 

The recovery phase is then used for the forward motion of the stroke as the body and arms move forward to prepare for the oar for re- entry into the water. This is then the drive phase which is the force that is mainly generated by the legs of the rower and also the acceleration of the body which are the key components that determine the force developed at the handle of the rowing stroke (Pollock,et al, 2015). 

A piece of equipment that is frequently used in training that can be used at all levels and capabilities is the rowing ergometer. This equipment is considered an accurate representation of the rowing motion and loading of the body segments on the water and replicating those motions on land(Holt et al, 2003).The capabilities of the ergometer can provide an important tool for injury mechanisms in rowers due to the data it collects from the rowing stroke alongside the kinematic data that is gathered for the athlete and help prevent injuries in the process and assist coaches with training strategies and planning (Holt, et al, 2003).

Method

This report looked at one female rower who was recorded rowing with and without resistance on the Concept 2 rowing machine. The Female (Female 1) was accustomed and comfortable with the rowing machine as they used it regularly in the gym. We will particularly be looking at the phases, joint angles, linear displacement, velocity, and accelerations.  This will also include joint and muscle forces. The piece of equipment as stated already we will be using is the concept 2 rowing machine. This analysis will be recorded on an apple iPad using the app ‘HUDL’ to record the findings. Small spherical markers were then placed on the participant on their bony landmarks, these were, these were the shoulder (acromion process), elbow (lateral epicondyle), Hip (greater trochanter), knee (lateral epicondyle) and ankle (lateral Malleolus).The rowers set the level of resistance to zero and rowed for 2 minutes. The video was recorded on the side view of the rower and was perpendicular to the rower. The recordings were all filmed from the same distance and angle for accurate results. After recording this, we then recorded Female 1, rowing for 2 minutes at a resistance of level 5 and recorded the results. After analysing the videos and looking at the sequencing, the video was split into short intervals of 0.3 of a second. 

After conducting the tests, the data was collected, this was completed with an A4 piece of transparent acetate sheet which was then placed over the screen of the iPad, an acetate pen was then used to then place markers on the bony landmarks of the participant at each interval, a ruler was then used to join the markings together which would have resulted in accurate measurements of the angles in each sequence. After the angles were all formed, a protractor was then used to measure the joint angles of each connecting bony landmark for each time phase, this was written at the top right hand corner of the paper and repeated until each phase of the angles was completed in the rowing sequence. All the measurements were written down and put into a table in Microsoft word to compare the results of the two video’s and see if there was any differences or correlation between the two.

Results

Table of results showing the angles of the bony landmarks during the rowing stroke phases with and without resistance 

	Individual with no resistance

	TIME
	ANGLES

	
	ELBOW
	SHOULDER
	TRUNK
	KNEE
	ANKLE

	0
	165
	77
	44
	55
	87

	0.3
	152
	63
	47
	53
	77

	0.6
	126
	61
	65
	106
	81

	0.9
	112
	44
	77
	130
	111

	1.2
	93
	5
	95
	164
	138

	              1.5
	79
	                15
	80
	176
	121

	1.8
	135
	52
	64
	121
	114

	2.1
	177
	81
	51
	75
	94

	2.4
	185
	85
	46
	58
	82

	2.7
	180
	76
	45
	67
	9

	Individual with Resistance

	TIME
	ANGLES

	
	ELBOW
	SHOULDER
	TRUNK
	KNEE
	ANKLE

	0
	166
	77
	44
	42
	83

	0.3
	159
	64
	69
	113
	103

	0.6
	166
	68
	73
	88
	101

	0.9
	173
	47
	92
	110
	127

	1.2
	55
	14
	138
	154
	61

	              1.5
	81
	28
	150
	175
	44

	1.8
	100
	7
	146
	173
	161

	               2.1
	151
	41
	121
	134
	153

	2.4
	181
	66
	72
	112
	132

	2.7
	173
	88
	48
	74
	98


Figure 1 
Figure 1 shows that the individual had greater angular depth with resistance compared to without resistance. Figure 1 also shows that the individual finished the rowing stroke at the same time intervals. 

Figure 2
The results from this table shows that the individual had greater angular velocity with resistance, compared to without resistance. This difference can be seen in the trunk, knee and ankle. The individual had greater angular velocity through the elbow and shoulder without resistance, compared to with resistance at time interval 2.1. 

Discussion

The total rowing power is contributed by the four major body parts that are used for a rowing stroke. The legs are a major factor in total rowing power, contributing to 46.4% of this power. The next contributor is the trunk, and this contributes 30.9%, while the arms and shoulders produce 22.7% which is nearly one fifth of total rowing power (Kleshnev, 1999). Even though all these body parts contribute a large part of the rowing stroke, there is a vast difference of the utilization of work capacity of the body parts. The legs contribute a major part using up to 95% of their power, the trunk muscles use 55% of their total power and finally the arms use around 75% of their total power. These findings show that the utilization of reserved power can be found in the trunk work capacity to help increase a rower’s power. Even though this creates a large quantity of power, there is a downfall as the utilization at the trunk creates a significant energy depletion, this is due to the larger inertia forces and higher vertical oscillations of the hull (Kleshnev, 1999). 

Research has shown that rowing ergometers such as the Concept 2 rower have been shown to physiologically replicate a race. Ergometers are useful for the practice and biomechanics for the rowing stroke particularly in the lower limbs which helps with rowing technique. However, ergometers are not 100% accurate in simulating a race and may not show good simulation for the trunk, and upper limb body patterns when compared to rowing on the water as the pull systems will vary (Hume, 2004). 

The kinematic profile of a performer’s technique during a rowing stroke cycle has various dependable factors such as, the sex of the performer, their skill level and fitness levels (Hume, 2014). 

There is biomechanical research that indicates successful rowers will have certain indicators that will be essential to reach top levels in rowing increasing their performance. Every sport will have certain aspects and attributes a performer will need to reach high levels of performance, Rowing will have certain  anthropomorphic aspects a performer will need which are deemed necessary for high levels of performance, these are lean body mass, tall and longer leg and arm displacement (Kleshnev.V, 2009). 

 A systematic review by Dal bello. et al, (2018), conducted a study based on the Biomechanics of rowing: looking at the kinematic, kinetic and electromyographic aspects. The evidence found in this study has suggested that the ergometer resulted in mechanical lag and an increase in fatigue when compared to a rowing boat. The results also showed through electromyography analysis that there was a higher activation in the rectus femoral, dorsal, paravertebral, vast lateral, and gluteus Maximus muscles. The review also found that using an ergometer for training purposes can have an increased risk of injury on the hip, spine and knee (Dal bello. et al, 2018).With this data coaches can have a knowledge around training techniques and equipment and can benefit by adding structural modifications to their boats to increase performance in races and have the best modifications in training to increase similarities and movements from training to increase performance in a race (Dal bello. et al, 2018). 

Conclusion

After conducting this research study there is evidence that shows that there is a greater angular velocity used in a rower’s phase when resistance is involved. This is particularly apparent when looking at figure 1 as the results show the trunk, knee and ankle have a greater angular depth with resistance, compared to without. The shoulder and elbow have the closest similar angles when comparing both sets of data showing similar movements through the phase, this shows that the upper body has a similar rowing phase and resistance does not make a significant change to the results and shows the upper body technique is very similar. The data also shows that there was a greater angular velocity in the shoulder and elbow when the individual had no resistance. 

These overall results show that the key differences were the trunk, knee and ankle, concluding that the lowers body’s power and technique as the key difference between the two phases, this shows the participants power was an important factor affecting the results. This would be because the participant used their legs as a stabiliser and used the power in their lower body to optimise the resistance and keep to their original technique as close as possible. With further testing we could see if the technique thy used was beneficial in rowing, specifically in long race rowing which is typically 2000m. We could then use these coaching tips and data obtained to then enhance the rower’s performance with the correct technique and use of power.  


Word count –2,018





References

Adrian Lees (2002) Technique analysis in sports: a critical review, Journal of Sports Sciences, 20:10, 813-828, DOI: 10.1080/026404102320675657. (Accessed 7th March 2020). 

BioRow (2015) "BioRow Oar Angle Guides", pp. 1-2. Available at: http://www.biorow.com/RBN_en_2015_files/2015RowBiomNews07.pdf(Accessed: 14thFebruary 2020).

Caldwell, J., McNair, P. and Williams, M. (2003) "The effects of repetitive motion on lumbar flexion and erector spinae muscle activity in rowers", Clinical Biomechanics, 18(8), pp. 704-711. doi: 10.1016/s0268-0033(03)00117-7 (Accessed 11th March 2020).

Holt, P. et al. (2003) "Kinematics of Spinal Motion During Prolonged Rowing", International Journal of Sports Medicine, 24(8), pp. 597-602. doi: 10.1055/s-2003-43273. (Accessed 21st March 2020).

Kleshnev, V. (2011) Biomechanics of Rowing, Biorow.com. Available at: http://www.biorow.com/Papers_files/2011%20Biomechanics%20in%20Nolte.pdf  (Accessed: 15th February 2020).

Koopmann, T. et al. (2020) "Back Muscle Fatigue Might Lead to Alternated Spine Loading In Recreational Ergometer Rowing", pp. 1-4. Available at: https://www.researchgate.net/publication/329184645_back_muscle_fatigue_might_lead_to_alternated_spine_loading_in_recreational_ergometer_rowing(Accessed: 23rd February 2020).

Manning, J., Osborne, M. and Hume, P. (2001) "Video Analysis of The Rowing Stroke: Segemental Interaction Biomechanics", pp. 1-6. Available at: https://www.researchgate.net/publication/283517549_Video_analysis_of_the_rowing_stroke_Segmental_interaction_biomechanics(Accessed: 4th April 2020).

Mcginnis, P. (2013) Biomechanics of sport and exercise. 3rd edn. New York: Human Kinetics, pp. 17-30. Available at: http://ik.fik.um.ac.id/wp-content/uploads/2018/02/1.pdf (Accessed: 20th March 2020).

Miarka, B. et al. (2018) "Biomechanics of rowing: kinematic, kinetic and electromyographic aspects", Journal of Physical Education and Sport, 18(2247), pp. 1-8. doi: 10.7752/jpes.2018.01025 (Accessed 20th April 2020). 

Montusiewicz, J. et al. (2016) "Analysis of Selected Elements of a Rower’s Posture Using Motion Capture – a Case Study", Communications in Computer and Information Science, pp. 107-118. doi: 10.1007/978-3-319-46254-7_9(Accessed: 7th April 2020).

Nolte, V. (2020) Introduction to the Biomechanics of Rowing, Worldrowing.com. Available at: http://www.worldrowing.com/uploads/files/3Chapter3.pd (Accessed: 30th January 2020).

Pollock, C. et al. (2009) "Electromyography and Kinematics of the Trunk during Rowing in Elite Female Rowers", Medicine & Science in Sports & Exercise, 41(3), pp. 628-636. doi: 10.1249/mss.0b013e31818c1300(Accessed: 12thMarch 2020). 

R. Martin, J. and St. Andrews, B. (2012) "A Biomechanical Analysis of Rowing", The Crossfit Journal. Available at: https://library.crossfit.com/free/pdf/CFJ_Rowing_StAndrews_FINAL2.pdf (Accessed: 8 February 2020).

Soper, C. and Hume, P. (2004) "Towards an Ideal Rowing Technique for Performance", Sports Medicine, 34(12), pp. 825-848. doi: 10.2165/00007256-200434120-00003(Accessed 20thApril 2020). 

Soper, C. and Hume, P. (2004) Towards an ideal rowing technique for performance: the contributions from biomechanics, Research Gate. Available at: https://www.researchgate.net/publication/8252192_Towards_an_ideal_rowing_technique_for_performance_the_contributions_from_biomechanics (Accessed: 28th February 2020).

Talty, P. and Anderson, R. (2009) "Effect of Fatigue on The Coordination Variability in Rowers", pp. 1-2. Available at: https://www.researchgate.net/publication/271491108_Effect_of_Fatigue_on_the_Coordination_Variability_in_Rowers(Accessed: 30thMarch 2020).


The Angles for resistance and non resistance at time interval 2.1
Without Resitance	Elbow	Shoulder	Trunk	Knee	Ankle 	177	81	51	75	94	With Resistance	Elbow	Shoulder	Trunk	Knee	Ankle 	151	41	121	134	153	Angles

Degrees
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