The Physiological Requirements of Rotational Shot-Put

Introduction
Optimal and safe execution of many athletic events require the use of various physical components (Manske and Reiman, 2013).  One such event is the shot-put, which involves putting a heavy metal ball with one hand as far as possible at peak velocity of the body for up to six throws (Caughey and Thomas, 2022).   The technique commonly used in shot-put is the rotational technique, illustrated in Figure 1, and entails extremely complex movements performed at high speed within a short space of time (Coh, Stuhec and Supej, 2008).  Thus, physiological demands are great. 
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Figure 1: Sequence of Movements by a Shot-putter using the Rotational Technique (International Amateur Athletic Federation, 1985).

Muscle Power and Strength
	Kyriazis et al. (2009) reported that a physiological demand in shot-put throwers is muscular power and strength.  Similarly, Mastalerz and Sadowski (2022) stated that the amount of shot-put force mainly depends on the power.  The initial movement in the rotational shot-put technique is generated by the power of the muscles in the legs, while the final movement is generated by the power of the muscles in the arm/hand (Coh and Stuhec, 2005).  The body uses the alactic anaerobic metabolism or the ATP-PC system to power bursts of quick explosive movements, like shot-put throwers do, using the muscles’ small store of adenosine triphosphate (ATP) and creatine phosphate (CP) anaerobically (Plowman and Smith, 2017).  Also, power production is thought to be dependent on muscle fibre type, of which fast-twitch is abundant in shot-putters. (Terzis, Karampatsos and Georgiadis, 2007).  Plowman and Smith (2017) similarly stated that athletes in power activities have a higher percentage of fast-twitch muscle fibres. 

Speed
Furthermore, another physiological requirement shot-putters must generate is speed (Mastalerz and Sadowski, 2022).  A high level of speed is required for the shot-putting movement which includes 3-5 second sprints between rotations and the actual release, which is of great importance for distance thrown (Linthorne, 2001).  As stated previously, the ATP-PC system is utilised to produce these bursts of movement.  However, shot-put athletes are required to perform these movements for a long period of time due to training and competitions and thus, the aerobic system comes into play as it uses glucose for prolonged supply of energy (Plowman and Smith, 2017).
Anthropometrics
	In addition, the shot-put is the heaviest athletic throwing object and as a result requires athletes of great muscle mass (Tesanovic et al., 2010).  This makes sense, since normally, more muscle mass corresponds to more strength just as body weight corresponds to the size and weight of object being thrown (Plowman and Smith, 2017).  Thus, many shot-putters have a large physique (Tesanovic et at., 2010).  Also, the release height of the shot depends on the length of the shot-put thrower’s body and arms and so an increase in release height will cause an estimated equal increase in the distance the shot is thrown (International Olympic Committee, 2000).  Similarly, Pavlovic (2019) commented that the higher the height, the greater distance covered in flight.  Thus, the stature of shot-putters is relatively constant and cannot be changed to improve the result and so a prerequisite for selection would commonly be tall in stature. (Pavlovic, 2019).
	Consequently, the purpose of this research was to investigate physiological testing data for a client to recommend appropriate training to enhance performance for shot-putting.
Method 
The subject tested was a 26-year-old female student from the Institute of Management and Health at the University of Wales Trinity Saint David, who will be referred to as ‘Client X’ to maintain confidentiality.  Client X gave consent to participate in the study and was briefly assessed to determine physical readiness prior to performing tests using the Physical Activity Readiness Questionnaire (PAR-Q) and was deemed to be free of any illness and/or disability.  Client X had no background in shot-put but desired to be able to compete in the next 1 to 2 years on a national level.  Thus, the following tests were performed in order to analyse results to achieve the client’s goal.  Six female classmates of Client X also performed tests to compare and analyse the client’s results with subjects of similar background.  All tests were completed on the same day and in the order as described.  A 10-minute warm up session was conducted before commencement of testing which consisted of 5-minute jog on treadmill (Woodway, Waukesha, USA) and 5-minutes of stretching.
Anthropometrics
The client’s height was measured in metres (Seca 213, Hamburg, Germany) using a weighing scale and body weight in kilograms using a stadiometer (Seca 875, Hamburg Germany) with shoes removed and feet shoulder-width apart (Housh et al., 2016).
Strength
To measure overall body strength, the Takei hand grip dynamometer (Habdirect, Southam, UK) was used.  The handle of this equipment was adjusted according to the size of client’s hand and Client X held hand grip in right hand with palm facing up and elbow at about 90 degrees.  Client was then asked to squeeze the grip as hard as possible.  This was done a total of 3 times with 2-minute rest intervals.  Exact procedure was performed with left hand and results were recorded as highest value from both hands measured in kilograms.
Speed
Client X performed a 30-metre sprint to determine speed in seconds.  A movement analysis system (Vald Performance, Queensland, Australia) was placed at the start and finish lines to accurately record time.
Power
Client X’s lower body power was measured using the Keiser A300 Leg Press machine (Keiser, Fresno, USA) where client sat with back upright and extended both legs simultaneously on footplates at about 90-degree bend in knees.  Power was measured in watts using an incremental repetition system which gradually increased resistance and was terminated when the latter reading was lower than previous repetitions.  The client’s upper body power was measured similarly with the Keiser A350 Chest Press (Keiser, Fresno, USA) where both hands were used instead of legs, following the same procedures.  Another test was performed to test upper body power using the Medicine Ball Throw, where client was asked to sit behind a line with legs crossed over each other.  Client was then given a ball that weighed 4kg (required for females) and asked to throw it as far as possible.  The point at which the ball fell was recorded in centimetres.



Anaerobic Capacity
Client X performed a six-second peak power test to determine peak power measured in watts.  The Wattbike Pro (Wattbike, Nottingham, UK) was used to perform this test, where client cycled as hard as possible for 6 seconds.  Results were then recorded from the Wattbike Pro.


Results
The client performed all tests with some difficulty in terms of ability to carry on, but still pushed through.  Data from Client X’s testing was recorded along with the other 6 female classmates as shown in Table 1.   
Table 1: Testing Data for Client X and Other Classmates

	Participants
	Age
	Height(cm)
	Weight(kg)
	Grip(kg)
	WB PP (w)	
	Keiser Chest (w)
	Keiser Leg (w)
	Med Ball Throw (cm)
	Sprint (s)

	Client X
	26
	164.6
	88.6
	42
	729
	160
	698.5
	217
	5.84

	Student 1
	20
	155.0
	55.4
	27.6
	512
	93
	324
	165
	6.27

	Student 2
	20
	155.0
	60.0
	34.4
	650
	122
	453
	210
	5.37

	Student 3
	26
	177.3
	72.6
	36.6
	576
	129
	604.5
	174
	5.46

	Student 4
	28
	176.5
	98.0
	36
	733
	171
	686
	230
	5.77

	Student 5
	21
	151.0
	53.8
	20.1
	458
	121
	550
	180
	4.75

	Student 6
	38
	167.0
	61.0
	33
	797
	176
	647
	220
	4.95



The results clearly show a vast difference between participants. However, it was quite notable that Client X scored highest among peers in the Grip Strength (42kg) and Keiser Leg Press (698.5W) tests.

	


Table 2: Mean and Standard Deviation for each Test and Z-Scores for Client X

	
	Age
	Height (cm)
	Weight (kg)
	Grip (kg)
	WB PP (w)
	Keiser Chest (w)
	Keiser Leg (w)
	Med Ball Throw (cm)
	Sprint (s)

	Client X
	26
	164.6
	88.6
	42
	729
	160
	698.5
	217
	5.84

	Mean
	25.6
	163.8
	70.0
	32.8
	636.4
	138.9
	566.1
	199.4
	5.5

	Standard Deviation
	7.0
	11.6
	16.6
	6.4
	130.1
	32.1
	135.0
	26.9
	0.6

	Z-Scores
	0.07
	0.09
	1.31
	1.67
	0.83
	0.77
	1.14
	0.76
	0.66



Client X’s scores were all positive, as can be seen in Table 2 and thus, the client’s scores were above mean scores for all variables.  The standard deviation values for the group are not very close to the mean scores with the exception of the Sprint Test scores (5.5 ± 0.6).


Figure 2: Z-Score Profile of Client X

Figure 2 illustrates the data seen in Table 2.  No negative scores were observed.  Z-scores were all above zero.

Discussion
	The purpose of this research was to investigate physiological testing results for a client to suggest appropriate recommendations for enhancement in performance of shot-putting.  Various physiological tests were performed by Client X to be observed and analysed.
	Firstly, one important observation in this study was the fact that Client X scored the highest amongst peers in tests that measured power and strength.  As stated previously, the Keiser Leg Press measures power of the lower body.  Client X’ result for this test was 698.5W, which greatly exceeded the mean of the group (566.1 ± 135.0).  The client also scored above the means for the Keiser Chest Press test (160 ± 3.1) and the Medicine Ball Throw (217 ± 26.9), both of which measured power.  Also, the client’s overall strength was measured to be the highest of the group (42 ± 6.4 on the Grip Strength Test).  This can be considered to be in Client X’s best interest since shot-put force directly depends on strength and power, as the movements performed in the rotational technique is generated by the power of the lower and upper body muscles (Mastalerz and Sadowski, 2022).  There is a lack of evidence of the normative testing data for elite shot-putters, hence Client X’s power results cannot be compared to elites.  However, to increase muscular fitness for power in shot-putting, Client X was instructed to implement a resistance training program within the next year, focusing on both upper and lower body for optimal performance in shot-put (Plowman and Smith, 2017).  Also, Terzis, Karampatsos and Georgiadis (2007) reported that although muscle fibre type is said to be decided by hereditary factors, muscular strength and power along with neuromuscular activation can be considerably improved by regular resistance training to produce more fast-twitch muscles fibres necessary for power activities.
	Furthermore, Client X ran 30m sprint in 5.84 seconds.  The mean for this test among the client’s peers was 5.5 ± 0.66.  Client X performed above the majority of the group in this speed test, which is considered significant in that maximal sprint performance is an essential determinant of performance in plyometric movements like the shot put (Caughey and Thomas,2022).  Thus, it may be concluded that sprinting performance would also be related to shot put performance.  In addition, the study by Linthorne (2001) showed that release speed is directly proportionate to the throwing distance and is the most important factor.  Similarly, Almadhkhori et al. (2021) commented that when teaching beginner shot putters, the greatest attention should be paid to the swing speed.  To carry out prolonged mini-sprints and release at optimal speed in shot-putting, the ATP-PC system is required as stated before.  Interestingly, Plowman and Smith (2017) reported that the amount of ATP in muscles is small and can provide energy for only 2–3 seconds of utmost effort, but the creatine phosphate can be used to synthesise ATP again in the first 10 seconds of muscle contraction since the amount of CP stored in muscle is about three times that of ATP.  The Wattbike Power Peak test was used to determine anaerobic capacity and Client X’s result was 729W and surpassed the mean of the group, 636.4 ± 130.1.  However, the client was encouraged to perform cardiovascular fitness exercises to improve this physiological demand to be able to attempt competing within a year.
	In addition, the anthropometrics were also above the mean of the group tested.  Client X’s height was measured and recorded as 164.6cm and body weight, 88.6kg.  In elite shot-putting, athletes tend to be large in terms of muscle mass and height to better carry the weight of the ball (Tesanovic et al., 2010).  Tesanovic et al. (2010) further pondered whether the height of the thrower, with correct technique and the throw angle can influence the achievement of results.  More research is needed to determine this, but it is highly likely that it is so.  The study by Tesanovic et al. (2010) also reported the mean height of the elite shot-putters as 175.48cm and it can be said that Client X falls below this mean but surpasses the minimum height of 158cm and thus, should not prevent ability to shot-put at optimum level.  In addition, the client’s BMI (32.9) indicated slight obesity and it should be noted that high body weight doesn’t necessarily mean that it is favourable for shot-putting.  This is so because what is needed most is muscle mass and not body fat.  Thus, Client X was again encouraged to focus on resistance training for hypertrophy, as with potential power strokes, muscles can exhibit greater strength (Plowman and Smith, 2017).
	To conclude, Client X performed various physiological tests to enhance performance for potential shot-put competition event.  Power, strength, speed, and anthropometrics were said to be the main demands in shot-putting.  The client was encouraged to perform both resistance and cardiovascular for optimal performance.  Also, the existing research report similar results and there needs to be more experimental and testing studies done on elite shot-putters to better assist aspiring shot-put athletes (Tesanovic et al., 2010).
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