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Introduction

Pole vault, in comparison with the rest of the events in track and field, is one of the most technical but at the same time one of the most exciting and fascinating events. There are many ways in which to understand pole vault. Pole vault can be seen as a fight against gravity (Newman, 2003); it can be analysed through the energy conservation theory (energy production and energy loss) (Armbrust, 1993; Haake, 2000) and finally it can be seen as a “double pendulum” action (McWatt, 1994). 

This paper discusses some critical points about the optimum synchronization of the pendulums and their influence on the level of penetration.

Pole vault as “Double Pendulum”

In pole vault in order for the Centre of Mass (CM) of the athlete to be raised to the highest possible position, the following actions must be conducted:

1.  The “system pole and athlete” (1st pendulum) must be raised up to the vertical position (i.e., pole becomes perpendicular). To a pole-vaulter this action is called “penetration”. In order for an athlete to achieve a good penetration, after taking off, s/he must remain passive for some time period with his/her body fully extended. The optimal time to start the “rock back” phase is when the line formed from the top handgrip and his/her hips coincides with the chord of the bending pole (see Figure 1).  

Insert Figure 1 about here

Figure 1. The athlete at the position for the beginning of the rock back phase (Abgulo-Kinzler, 1994).

2.   From the above position the athlete (2nd pendulum) first collapses his/her legs around the hips and then rotates around his/her shoulders’ axis to get to an inverted position (see Figure 2). This is commonly known as the  ‘rock back’ phase. The ‘rock back’ must begin at the exact moment described above, neither earlier nor later (when the appropriate pole is being used). The timing of the rock back is critical.
Insert Figure 2 about here

Figure 2. The athlete at the “rock back position”, shoulders must be behind the grip (Katsikas – Evangelou personal communication).
However, Kruber et al. (1995) proposed that the term pendulum is not appropriate for the athlete, because the normal pendulum follows a passive movement, while the rock back must start with an active movement of the ‘takeoff” leg. They suggested that a more appropriate term was “take off leg whip”. 

FACTORS AFFECTING PERFORMANCE IN POLE VAULT

According to Muthiah (1986) success in pole vault can be attributed to various parameters of the vault:

1. Up to 40 % is determined by run up speed. 

2. Up to 40 % is determined by technique. 

3. Up to 15 % is determined by the upper body strength.

4. Up to 5 % is determined by jumping ability.

The position of the CM of an athlete at its highest point of a vault in reference of the back of the planting box is known as the “level of penetration”. A vaulter who remains in a long extended vertical position immediately after taking off will cause the system pole and athlete to go to the vertical position more efficiently (i.e., due to a greater penetration) than the vaulter who attempts to swing off the ground immediately. This is because the CM of the athlete remains lower during the “swing” phase of the vault in the long extended vertical position of the athlete.

FACTORS AFFECTING PENETRATION

Take-off velocity, grip height, and the stiffness of the pole are the three major factors that influence the level of penetration. These three factors will now be discussed.

Take off velocity

There are two main parameters that provide the energy needed to push the pole to the vertical position. Firstly, the horizontal speed on the runway is important. Secondly, the vertical speed or jumping ability of the athlete during the short period of “takeoff” time is also critical. Take-off times are very short (Range = 0,11 to 0,14s; Chang, 2002; Katsikas, 1992).

Grip Height (affecting the planting angle of the pole)

Provided that everything else is equal a pole-vaulter’s grip height determines his potential vaulting height, more than any other criterion (Johnson, 2002). Since 1956 the pole vault world record has drastically improved with flexible poles (either made of fibreglass or more recently of carbon fibres), as it can be seen in Figure 3 (Attig, 1979; Quercetani 2000). 
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Figure 3. The improvement of the world record in pole vault from 1912 to 2000. 

From the graph in Figure 3 you can observe a significant improvement in performance since 1961. Examining in depth the factors largely responsible for this improvement, Johnson (2002) argued that the main factor was grip height. Flexible poles, compared with rigid poles, allow higher grips because they bend causing a reduction in the axis of rotation from 0,80 to 0,90m (Bergeman, 1979; Ganslen, 1961; Houvion, 1982; Linthorne, 1994).

Table  1:  Best performance, net grip height and clearance efficiency (technique) for flexible and rigid poles up to 1980 (Schmolinsky, 1983).

	Poles
	Athletes
	P.B. (m)
	Grip 

(Net)
	Technique (m)

	Flexible

Poles
	Nordwig
	5,50
	4,67
	0,83

	
	Kozakiewicz
	5,50
	4,60
	0,90

	
	Kishkun
	5,45
	4,55
	0,90

	
	Seagren
	5,40
	4,55
	0,85

	
	Pennel
	5,40
	4,38
	1,02

	
	Mean
	5,45
	4,55
	0,90

	Rigid

Poles
	Bragg
	4,80
	3,95
	0,85

	
	Gutowski
	4,82
	3,97
	0,85

	
	Richards
	4,73
	3,93
	0,80

	
	Preussger
	4,70
	3,85
	0,85

	
	Mean
	4,76
	3,92
	0,84

	
	Difference
	0,69
	0,63
	0,06


As it can be seen in Table 1, the improvement in performance from 4,76m (with rigid poles) to 5,45m (with flexible poles) up to 1980 was 0,69m. Schmolinsky (1983) concluded that the improvement was mainly due to the higher grip of 0,63m (90,9 %) whilst only 0,06m (9,1 %) was due to clearance efficiency or catapulting the flexible poles.

Stiffness of the pole

The proper size of the pole (grip height and stiffness) facilitates execution of an effective technique. Five factors that influence the appropriate pole stiffness include: speed at take-off, body weight, grip height, strength, and aggressiveness. 

Braff and Dapena (1985) outlined the role of the pole stiffness. They analysed motion-picture film of an actual pole vault and calculated take-off kinematics (e.g., posture of the vaulter, linear and angular momentum). They used the same take-off values as those recorded for the real vault and compared three variations in which only the stiffness of the pole was altered. The results showed that:  

1. Best results were achieved with the appropriate stiffness of the pole. 

2. In the case of the softer pole), with all the other parameters staying the same, the CM of the athlete reached to 0,56m “in pit” and 0,43m lower than the actual vault.

3. In the case of the stiffer pole the CM of the athlete reached 0,68m higher but it was 0,73m “out pit” than the actual vault. With the stiffer pole the athlete’s CM was higher but at the same time he hadn’t reached the pit, the penetration was poor (Braff & Dapena, 1985). In both cases of simulation, neither with the softer pole nor with the stiffer pole, results were not as good as with the appropriate stiffness of the pole.

DISCUSSION 

In consideration of the above-mentioned technical characteristics of pole vault, we highlight some important points that will help coaches and athletes to make safe attempts and at the same time to achieve better results. 
Firstly, the importance of the “penetration” is highlighted.  For best results in pole vault, there should be an optimal coordination between the two pendulums, the system pole and athlete (1st pendulum), and the athlete  (2nd pendulum). However, the attention must be focused mainly on the first pendulum and subsequently to the second pendulum. 

If the athlete (2nd pendulum) starts the rock-back phase too early, this action will diminish the angular momentum of the system pole and athlete (1st pendulum), preventing the system from reaching the vertical position. This scenario would reduce the likelihood of a successful vault with the appropriate pole and additionally increase the risk of injury.

Secondly, the importance of optimal timing in coordinating the two pendulums is stressed. The optimal timing for the end of the swing and the start of the rock back is when the line (formed from the upper handgrip and the hips of the athlete) coincides with the chord of the bending pole. If the rock back of the athlete (2nd pendulum) starts late, there won’t be enough time for the athlete to reach the inverted position (i.e., to complete the ‘rock back’ before the recoil of the pole). This will result in good penetration but adversely affect the overall performance because of the incomplete inverted position of the athlete (McWatt, 1994). 

The third and final critical point is the ‘rock back’. Coaches should be cautious with athletes who begin the rock back at the right time but nevertheless they do not reach the inverted position “on time”. It is because of a slow and not powerful enough rock back action. We propose that a more powerful rock back should be taught, particularly when carbon poles or very stiff poles are used. Perhaps, a powerful “take-off leg whip” is an appropriate solution for such problems. Any other solutions such as, to start earlier the rock back will be wrong, resulting to the penetration being hindered.

CONCLUSION

Understanding how these pendulums mutually affect is one of the most important points of the technique for pole vault. The ideal timing of these two pendulums will cause the pole-vaulter to produce safer attempts and at the same time promote superior performances. 

From the above we concur with Linthorne (1994) who concluded that: 

“Success in pole vault depends on the abilities of the athlete in conjunction with the choice of the correct pole” (p. 62).  
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Figure  1:  The athlete at the position for the beginning of the rock back phase (Angulo-Kinzler, 1994). 
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Figure 2: The athlete at the “rock back position”, shoulders must be behind the grip. (Katsikas – Evangelou personal communication).
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