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Abstract
This project evaluates and compares a skilled equestrian to a less skilled equestrian during the rising trot. Comparisons in velocity (angular and linear), as well as qualitative analysis of the difference in joint angles and how those differences affected each rider in positive or negatives ways pertaining to the purpose of the skill. 
Biomechanical Analysis of Posting Trot

Unskilled vs. Skilled Comparison


The skill analyzed is the posting or rising trot, which has been developed as a way to reduce loading on the horse's back during movement and provide a more energy efficient way for the rider to ride the trot for longer periods of time with less energy expenditure. There are two main styles of trotting, sitting or rising, both of which are considered to load the horse’s back differently (Ashton Acton), and evenly distribute force or strain on the horse (Summerley, Thomasson, Bignell,1998). A rising trot is less loading than a sitting trot, as it produces less vertical force (Leste-Lassere, 2009). The components of the skill itself compare to the same movements used when standing up from a seated position. The rider follows the movement of the outside shoulder of the horse. As the horse's shoulder flexes forward during a step, the rider stands up in the stirrups, rising with the motion. The skill is mainly based on balance, and relies on the rider having an effective seat. A rider who is able to maintain an effective seat provides the horse with good opportunity to also be in balance and move to its full potential.      


An effective seat is described as upright, balanced, elastic, solid, and interactive while following the horse's movements; a vertical line between the rider's shoulder-hip-heel and a straight line between the elbow-forearm, reins, and horse's mouth are also essential for a correct seat (Meyners,E. 2004). In order to allow the horse's back to lift and the ribcage to expand under the rider's seat, the rider rides with hips open (femur slightly rotated outwards), the knee soft and very slightly rotated out (Fleming, M). There is also an aesthetic side to this skill, from a performance perspective. The goal of this movement is to demonstrate a controlled and balanced movement to complement the horse's stride. 

Method
The two subjects were chosen based on their skill level, and similarities in body type. The skilled subject has over 5 years experience riding and competing on the Manitoba Hunter Jumper circuit, and the unskilled subject has just begun riding this year and does not ride competitively. The horse used is a eleven-year-old thoroughbred gelding that is shown competitively on the Manitoba hunter jumper circuit. The skilled subject is fifteen years old, weighs 58.97kg and stands five foot five inches, and the unskilled subject is twenty-two years, weighs 52.2 kg and stands five feet tall.  Both subjects wore black, tight fitting clothing and had their joints  marked with tape before filming. Subjects were asked to maintain a working trot and post around the ring while being filmed. They were instructed to let the horse have a relaxed frame with a loose contact on the reins. The subjects were then filmed using the sagittal view, and the frontal views. The sagittal view gives a side view of all joints and clearly shows the movement. Filming from the frontal view was to show if there was unnecessary lateral lean during the skill. A shutter speed of 24 frames per second was used to film the movement.
Skill breakdown
This skill was broken down into five phases (shown below); which was adequate to break down the different portions of this movement appropriately as they relate to the [image: image1][image: image18.jpg]‘ﬁ:



qualitative and quantitative results. The initial phase, named the preliminary phase, serves to begin the rising trot sequence. In this phase the rider is preparing for the first series of movements by looking straight [image: image19.jpg]b
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ahead, hands holding onto the reins, seated in the saddle with an effective seat. It is important to have the hips and knees flexed and have a neutral spine; this position will keep the rider balanced on the horse while looking ahead in the direction they are travelling. [image: image20.jpg]L R v, P
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The next phase is the preparatory phase, in this phase the rider leans forward with a bend in their hips, keeping the upper body straight and stabilized without letting the shoulders fall forward or thoracic spine flexion occur. The knees and hips should remain flexed, but the flexion in the hips increases compared to the previous phase as flexing the hips will help the rider to lean forward and prepare to rise out of the saddle in the force production phase. In the force production phase the rider will use their legs to push up, rising out of the saddle, pushing their hips and pelvis forward. By moving the hips forward, the rider maintains a tight core and upright posture.

The critical instant phase requires the rider to have a vertical line through the glenohumeral joint, the hip joint, and the talocrural joints. This position is ideal, and will be hard to achieve if the phases leading up to it are not taken advantage of. The position of the lower leg is important here, as the more in line the talocrural joint is with the hip, the more biomechanically efficient it will be to rise from the saddle and achieve this vertical line in the body. Further more, if the glenohumeral joint is ahead or behind the hip joint, in relation to the vertical, this will create an imbalance in the rider’s line of gravity and therefore the horse will also become unbalanced. This position also has importance for balance and control. The vertical line through the rider’s body should coincide with the horse’s centre of gravity creating a great environment for optimal balance between horse and rider in the critical instant of the movement.  The follow through phase is the final phase, and this phase should be as long and as controlled as possible as the rider must keep in rhythm with the horse, and maintain balance throughout the entire phase. The rider, in this phase, will slowly sink back into the saddle, maintaining control and balance throughout their body, preparing for the next sequence of movements. 
Results
The preparatory phase showed a big difference in the hip angle, skilled rider had 72 degrees of flexion and unskilled had 44 degrees of flexion (appendix B). The knee of the skilled rider was 65 degrees in flexion and the unskilled had 75 degrees of knee flexion (appendix B). In the force production phase the angles for the skilled rider were glenohumeral: 18 degrees flexed, knee 57 degrees flexed and hip 53 degrees flexed and the unskilled glenohumeral: 30 degrees flexed, knee was 54 degrees flexed and hip was 54 degrees flexed. The follow through phase showed many significant differences in joint angles. The skilled rider has glenohumeral 23 degrees flexion, knee at 64 degrees flexion, and hip at 59 degrees of flexion; the unskilled has glenohumeral at 32 degrees flexion, knee at 56 degrees flexion, and hip at 32 degrees flexion (appendix B).
In Angular Velocity, the skilled rider measured 18.3 degrees/second and the unskilled-measured 19.05 degrees/second at the hip joint. For linear velocity, the skilled rider’s velocity equaled .85m/s and the unskilled was .96m/s. This was measured from when the horse and rider were first seen on camera until they were off the screen (appendix A).

	Measurement
	Skilled
	Unskilled

	Scaling Factor: VD x SF= Actual Distance 
	4.5xSF= 213.36

SF= 47.41
	4.5xSF= 213.36

SF= 47.41

	Velocity: V= D/T
	V= 7.06/8.29= .85m/s
	V= 7.26m/7.54= .96m/s

	Momentum: L=m x v
	L= 58.97x.85= 50.12
	L= 52.2x.96= 50.11

	Force: F=MA
	F= 58.97x9.81= 578.457N
	F=52.5x9.81= 512.082N

	Angular Velocity: ω=ᶿ/T
	ω= 72-59/.71 = 18.3
	ω= 44-32/.63 = 19.05


Discussion
Qualitative

The main joint angles we measured were the hip, knee and glenohumeral joint. These joints proved to be most important to this specific movement. In the preparatory phase the rider wants to be leaning forward using their hips; the results suggest the unskilled rider was less prepared for the force production phase as there was less flexion in the hips (Appendix B), and would end up using their upper body (leaning forward with the shoulders, possibly curving the spine) expending more energy than necessary in the next phase of the movement. The difference in knee flexion (skilled- 65 degrees, unskilled- 75 degrees) also demonstrates the unskilled rider may be unprepared for the force production phase, as having less flexion in the knee provides a stronger base of support for the lower body to rise out of the saddle. 
The force production phase was shown to have the closest joint angles between the skilled and the unskilled. The only major difference was the glenohumeral joint and this is because the unskilled rider is holding the reins higher up vertically (appendix B) and therefore tightening the reins creating more tension on the horse’s mouth. Generally, riders are encouraged to maintain a low hand position and all movement in the arm should happen in the elbow joint, which flexes with the horse’s movement (creating less tension on the horse’s mouth). By holding her hands higher up, this could suggest the unskilled rider was locking her elbow throughout the movement and does not have elasticity in the joint, which is conducive to the skill. As previously mentioned, in the critical instant phase, the ideal position is to have a straight line between the glenohumeral, hip and ankle (appendix B). The unskilled rider’s ankle is slightly ahead of the vertical line; this shows that her lower leg is not as stable when compared to a skilled rider, giving her less support and stability.  
The follow through phase had the most diverse joint angles between the two rides. The angles measure between the two riders in the follow through phase suggest the unskilled rider was moving faster (independently from the horse’s movement), which is not ideal to the sport. Slow, controlled movements are the goal- to encourage balance in the horse-rider team creating an aesthetically pleasing image. Many competitions are judged based on rider’s skill, control, how well the horse moves, and the general appearance of the team. Quick movements can create an inconsistent rhythm, and even affect how the horse behaves. A consistent, controlled, pace is recommended for the rider’s posting speed to influence the horse’s pace and rhythm as well as improving their (the horse’s) balance and keeping a consistent, fluid-like, movement. Having that control in motion will also play a role in safety. Horses, being unpredictable, are often hypersensitive to their surroundings making them prone to the “flight” instinct. A rider with better control over their body will therefore have more control over their mount in a situation caused by unplanned or unpredicted events. If a rider does not have a controlled body position, there will be a greater chance of unplanned dismount, resulting in possible injury. If the follow through is short, and quick, the rider is likely to have less control over their movements and will look as though they are using their entire body to do a movement that only requires a few joints. This is unsafe for the rider and the horse and over time the jarring movements of the rider’s body on the horse’s back could create injury to both members of the team. 
Quantitative 

When looking at angular velocity the hip seemed the most significant because it is an important joint movement in the sequence, and it was shown to have the most difference in joint angles at every phase. Specifically, we looked at the follow through phase because this is an important phase for numerous reasons in this skill. The difference between the two rider’s velocities (skilled, 18.3 degrees/second. Unskilled, 19.05 degrees/second) does not seem to be a huge difference but as this is a continuous movement therefore every second the rider is moving, they are going a degree faster each time. A high velocity throughout this movement is not ideal, because less control throughout the body is demonstrated. Having a slower velocity shows the rider is taking the time to balance, maintaining the vertical line through the glenohumeral, hip, and knee joints, stabilizing and is prepared for the next sequence of movements. 
For linear velocity of the riders we used the equation V= D/T.  The rider’s were instructed to not slow or speed the horse directly, so the resulting difference in velocity found could further prove the unskilled rider was faster in her movements, as often a horse’s pace is influenced by the speed of the rider’s rising from the saddle.  Momentum was calculated using each rider’s mass and velocity, and it was found that there was no significant difference between the two. The force each rider exerted on the horse’s spine was also calculated, using each rider’s mass and acceleration (gravity, 9.81m/s2). In our analysis this didn’t have any significant meaning as the rider’s were close in mass, however further experiments could be pursued to evaluate how different masses effect the horse’s movement. 
Overall, both qualitatively and quantitatively, it was clear that the rider with more experience had better control of her movements and was more stable in the saddle. By comparing these two athletes we saw that, strength and stability are needed in many joints to achieve effectiveness. To improve this in the unskilled subject, we would suggest she focus on her lower leg stability. As we saw in the video, her lower leg was much less stable and tended to move back and forth, in the sagittal plane. If she were to stretch her heels down in dorsiflexion and let all her weight sink through them, while turning her toes slightly outwards (hip lateral rotation), this would aid her in keeping the medial side of her lower leg against the horse and in a better position to develop the strength to maintain this position for longer periods of time. It would also increase her base of support and provide her with more balance by keeping the rider’s body balanced over her base of support. 
Another suggestion for the unskilled rider would be to keep her upper body taller (thoracic extension), and not let her shoulders fall forwards throughout the different phases of this movement. The hips should be the main mover, while everything above stays straight, tight, and controlled. A way to improve this would be to do cross training outside of riding involving similar movements to the rising trot. For instance, squats while balancing on a bosu ball- focusing on keeping the core isometrically contracted and flexing at the hips could be a valuable exercise, along with other hip hinge exercises such as the bent knee deadlift. While riding, the unskilled rider needs to concentrate on stretching up tall in the saddle into thoracic spine extension and maintaining glenohumaral retraction, keeping the chest open, and core stabilized. By paying attention to her posting pace, the rider could also work on slowing down her rhythm- which would allow her to have more control through her movements, encourage the horse to maintain a smooth and flowing motion, and help her to build the strength necessary to maintain an effective seat for longer periods of time. 
The phrase “practice makes perfect” is very applicable to this sport. The coordination needed by the athlete to use each limb independently (controlling different quadrants of the horse), while moving is developed over many years of practice and riding a variety of different horses. Rider fitness is imperative to the sport, and often underestimated. A recent study suggests that physiological factors such as improved aerobic, anaerobic, balance, muscular strength and power can be attributed to a lower rate of falls while riding (Hitchens, Blizzard, Jones, Day, et al., 2011). 
The differences found when comparing the two subjects were very subtle and would be hard to see with an untrained eye. However, as much as there could have been more of an obvious comparison if an even less skilled subject (someone with no riding experience at all) was used- that would be unpractical and potentially dangerous to carry out. Another change that could have made in our analysis is if the project were to be repeated would be to use a higher quality image setting on the video camera. It might have been easier to spot differences in the rider’s if our image quality was better. What we did find, though, was relatable to current research and practical experience. 
The quantitative results discussed show that the skilled rider is riding the trot in a more energy efficient manner. Her controlled actions throughout the phases provide the opportunity for her to do the least amount of movement possible, not interfere with the horse’s movement, and save her from unnecessary energy expenditure. The unskilled rider is more likely to tire in a shorter period of time as she is moving more than needed, and doesn’t have the same amount of control over her motions. The unskilled rider’s lack of control in relation to balance will render her seat less effective and she will waste energy on remaining in the saddle rather then expending energy performing (ie. Controlling the horse, creating fluid movement, and aesthetic results).  Investing in strengthening and skill refinement for the unskilled rider would be beneficial for safety reasons as well as longevity and enjoyment in the sport. 
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Appendix A

Linear Velocity of the Rider
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Appendix B

(Comparison pictures)
 180 degrees – Angles shown = Angles stated in paper. 
Preparatory Phase:
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Force Production: 
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Critical Instant:
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Follow Through:
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Figure � SEQ Figure \* ARABIC �1� Preliminary Phase





Figure � SEQ Figure \* ARABIC �2� Preparatory Phase





Figure � SEQ Figure \* ARABIC �3� Force Production Phase





Figure � SEQ Figure \* ARABIC �4� Critical Instant





Figure � SEQ Figure \* ARABIC �5� Follow Through
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