Comparison of Advanced Female Artistic Gymnast’s Z-Score Profile with Class Sample and Elite Artistic Gymnasts

Introduction
Female artistic gymnastics includes four competitive events. The apparatus of these events are the uneven bars, balance beam, floor, and vault. They can compete individually and as a team. However, they can only participate in the all-around final if they land in the top 24 after qualifications. Only 2 per country may compete in the final. Individual events will have finals. The top 8 in the said event will compete in the final. To compete at the world age level, gymnasts need good fitness profiles that implement the physiological demands necessary for the sport. 
All energy systems are a physiological demand for gymnasts. The aerobic energy system is crucial for events that take more time. The floor routine is one of those events (Kaufmann et al., 2022). It is mainly used in the training aspect of the sport. It produces more ATP than the other systems but at a much slower rate. 
 
This sport has a higher requirement for the two anaerobic systems. The sport requires short, quick bursts of energy for skills like leaps and tumble runs. The alactic anaerobic system provides this and is the immediate source of energy (Maciejczyk et al., 2022). It produces ATP the fastest but only last up to 10 seconds. 
 
The lactic anaerobic crosses over with the alactic system to provide the energy that is still required after the alactic system has depleted. The lactic system produces ATP quickly but not as fast as the alactic system. This system can proceed for up to 15- 60 seconds to supply energy to the athlete before it depletes. There is a high requirement for both systems in all events, and a low anaerobic capacity can hold back the gymnast from accomplishing higher-scored routines and skills.

Several fitness and skill-related components are key attributes of this sport. Speed is important for any event that requires a run-up, like the vault and the tumbles. There is a strong correlation presented between the vault difficulty, execution, final scores, and the speed of run-up approaching (Scharer et al, 2019). Power is what allows athletes to perform skills that are short, sharp, and fast. A high degree of power is required to gain the height and distance needed for these events.

Strength is an important requirement for gymnastics. Gymnasts must be able to support and hold their body weight during skills. To create those skills different muscle contractions, eccentric concentric, and isometric must occur. During all routines, muscles contract repeatedly. The gymnast must have good muscular endurance, for the contractions to keep happening and stay consistent. Poor muscular endurance will cause the muscles to fatigue quickly making skills harder to produce. 

A high level of flexibility is essential to achieve several ranges of movement, which is required to complete all sequences. Studies state that the higher degree of flexibility available, the better the performance of the gymnast will be (Dordevic et al.,2022).  Balance is important on the balance beam. Neuromuscular control is an important aspect of gymnastics, the body must be able to unconsciously respond to signals that concern the dynamic stability of their joints.
Methods
To test the athletes' peak power, they participated in a Wingate anaerobic test. The equipment used in the test was a Monark Ergomedic 894E bik (Monark, Vansbro, Sweden) and a Polar H16 chest strap (Polar Electro, Warwick, Uk). During the test, the athlete pedalled at a steady pace and received a 10s count down before 7.5kg of their body weight within a 0.1-kg resolution of resistance range dropped. When the weight dropped, the athlete pedalled at their maximum speed and power for 30 seconds. Peak power was recorded in a data sheet and measured in Watts. 

A 30-meter sprint was conducted to test the athletes' speed. Light gates were used to capture the sprint time. One was placed at the start point at 20m and the last one at 30m. The time it took, in seconds for the athlete to sprint the whole 30m was recorded, and the time it took for them to run from 20m to 30m. This provided a time for a 10m sprint and a 30m sprint. 

For gymnastics, power is essential for all events, generation of power is required from both the upper and lower body. The Keiser A300 leg press (Keiser, Frenso, USA) was used to test the athlete's chest and leg power. Resistance on the machine was in kilograms. The athlete entered the chip into the machine, having their legs at 90 degrees for the leg press, also their arms at 90 degrees for when they did the chest press. They pressed the resistance as fast and hard as they could until their power started to drop, once it had dropped twice, they removed the chip from the machine. The results were transferred onto the computer via the Keiser integrated technology, data was measured in watts. 

Grip strength was used to test strength. Using the Takei hand grip dynamometer (Habdirect, Southam, UK) as the test equipment. The athlete adjusted the handle to a comfortable position and held the dynamometer with their palm facing up and their elbow at 90 degrees. For there, they maximally squeezed the handle for 3 seconds and repeated it 3 times on both hands (Housh et al., 2017).
The push-up and sit-up tests were conducted to gain scores for the gymnasts' muscular endurance. The athlete did as many push-ups as possible until failure, with their hands shoulder width apart and on their knees. 1 rep would be counted when their chin touched the floor (Housh et al., 2017). The sit-up test was done in 1 minute, and the goal was to complete as many reps as possible in that time. Athletes' feet had to be flat on the floor and their elbows had to touch the opposite knee.
For flexibility, the sit and reach test was used as a determinant for main hamstring and lower back flexibility. The only equipment used in this test was the sit and reach box (Habdirect, Southam, UK). The athlete had no shoes on and placed their feet flat against the box. Their legs were fully extended, and their hands were placed on top of each other. From there, they pushed the marker across the top of the box until they reached a binding point and held for 2 seconds (Housh et al., 2017).
The BESS was used to test the athlete's balance. Three stances were completed, standing normally, standing on one leg, and standing in a tandem stance. Their hand was placed on their hips. A foam pad was placed underneath their feet for them to balance on for 20 seconds. The test is scored based on errors. One point was added for each error. Errors include moving hands of the iliac crest, opening their eyes, falling, and abduction and flexion of the hip beyond 30 degrees.

Results
A z-score profile was used to analyze the athlete's results.  A z-score profile is a graphical illustration of individuals' scores against the mean of the sample. To calculate a z-score the equation  was used. X is the individual athletes’ score, M is the mean score of the data set, and SD is the data set standard deviation. All data discussed is shown in figure 1 and figure 2 below. 
The athlete's z-score for grip strength is less than the selected samples' mean score. Participant A had a score of - 0.86. The average mean score for elite artistic gymnasts is 30.8kg (Nipp, Bebeliso, and Lawrence, 2022). Participant A's score was 27.6 kg, 3.2kg less than the elite standard. 
For muscular endurance, the athlete obtained a score greater than the sample's mean. They received a positive score on both the push-up test (0.10) and sit-up test (0.77). Note that the sit-up test had a larger positive score. An elite artistic gymnast's mean score on the push-up test is expected to be 33 push-ups (Albuquerque and Fannatti, 2017).  The athlete only scores 22 push-ups, 11 push-ups under the elite standard. 
The two power tests, the Keiser leg and Keiser chest press both scored negatively on the z-score profile. The scores the athlete obtained were less than the mean score of the data set. A score of -1.56 was obtained on the chest press and a score of -1.95 on the leg press. 
A positive z- score was secured on the sit and reach (1.68). The athlete scored higher than the data set mean. The mean average for elite artistic gymnasts for sit and reach is 36.44cm. The athlete scored 43cm on the test, 6.56cm more than the elite average score (George, Ellias, and George, 2013).
The results from the 30m and 20m to 30m sprints are positive z-score. Both scores are greater than the data set mean. A score of 1.59 for the 30m sprint and a score of 1.89 for the 20-30m sprint. For the BESS the athlete acquired a score of -0.49 which is a negative z-score. This means that the athlete's score is lower than the mean score of the data set. On the Wingate anaerobic test, a negative z-score was received. The athlete has a z-score of -1.26, which is less than the sample mean. 
Athletes' z-scores for height and weight were negative in comparison to the sample mean. Both scores were quite close, -0.90 for height and -0.78 for weight. The average height for elite gymnasts is 150. 17cm, which is only 5cm less than the athlete's height. The average body mass is between 46-50 kg for elite artistic gymnasts (George, Ellias, and George, 2013). The athlete's body mass is 55.4kg.



Figure 1: A table of raw data, showing the group sample used to create a z-score profile. 
	Sample Data Set

	Participants
	Grip (kg)
	Push Up 
	Sit Up 
	Keiser Chest (W)
	Keiser Leg (W)
	Sprint 20-20m (s)
	30m Sprint (s)
	BESS
	Sit and Reach
	WAnTPP
(W)
	Height (cm)
	Weight (Kg)

	A – The athlete’s profile
	27.6
	22
	33
	93
	324
	1.9
	6.27
	7
	43
	407
	155
	55.4

	B
	34.4
	27
	35
	122
	453
	1.5
	5.37
	7
	32
	502
	155
	60

	C
	36.6
	10
	21
	129
	604.5
	1.61
	5.46
	9
	33
	616
	177.3
	72.6

	D
	42
	13
	14
	160
	698.5
	1.61
	5.84
	9
	24
	688
	164.6
	88.6

	E
	45
	30
	22
	129
	654
	1.63
	4.85
	14
	36
	513
	164.5
	57.4

	F
	36
	10
	30
	171
	686
	1.38
	5.77
	21
	24
	836
	176.5
	98

	G
	20.1
	20
	21
	121
	550
	1.71
	4.75
	2
	30
	458
	151
	53.8

	H
	33
	36
	37
	176
	647
	1.43
	4.95
	9
	36
	718
	167
	61




Figure 2: Bar chart demonstrating the athlete’s z-score profile, using their individual score, the samples mean and standard deviation. 



Discussion
Based on the results from the z-score profile and researched elite gymnasts' scores, it is clear to see where the athlete's strengths and weaknesses are. 
Grip strength is an area of improvement as the athlete's score was lower than the sample mean and less than the average elite score. As grip strength is sued as a determinant for overall strength, it is assumed that the athlete's strength general strength needs improvement. It is a recommendation for the athlete to concentrate on their strength training more over other areas like flexibility. 
Muscular endurance scores compared with the data set were positive. However, when compared to elite gymnasts there is a large gap. To get to elite standard, the athlete must consider increasing their muscular endurance training and re-visit their prescription of sets and reps. Poor training and education may be why the gap is large. Their training should consist of 3 or more sets with 15 plus repetitions. 
Power is the athlete's main weakness, all three tests for power had a negative result. As power is crucial for all events the athlete will struggle further along the line as the skills become increasingly more difficult. The athlete would benefit from incorporating plyometric training. There is no data for elite athletes currently that corresponds with the three specific tests, to compare the athlete's results with.
In comparison to the group sample data, participant A scored positively on both sprint tests. Both results were closer to 2 which is a very positive score. The average score for an elite female gymnast is 3.70s for a 25m sprint (Hansen et al., 2019). By multiplying Participant A's 10m sprint time by 2, their 20m sprint was a longer time. Sprint training is recommended for this athlete. Improving the 30m sprint time will help with the vault run-up. 
Participant A scored negatively on the BESS test. Usually, this would be seen as a poor result. However, for this specific test the lower the score the more successful the athletes. Therefore, athlete A's balance is very good. From the raw data table, athlete A had the second-lowest score. The athlete excelled in the flexibility test. They were close to scoring a 2 on the z-score profile. They surpassed the elite score on the sit-and-reach test. The athlete should maintain their flexibility but put more focus on other areas. 
Regarding Participant A's height and weight, they were roughly 5cm and 5kg above the average height and weight for an elite female gymnast. However, it is not uncommon for gymnasts' height and weight to deviate from what is known as the standard number. The athlete's height is not something that can be changed. The weight of the athlete is not a concern in this circumstance.  

Conclusion
After evaluation of athlete A’s results in comparison to the group sample and elite artistic gymnasts, there is much improvement required to reach the elite standard. The athlete evaluated scored negatively against the group sample for several components. But the athlete also scored positively on some components. An overall view shows that half the tests scored negatively and the other half positively. The athlete needs to maintain specific components stated in the discussion that they are already excelling on, and they should focus on the components that they are struggling with. Overall, the athlete's profile is showing that they are in the advanced category currently in artistic gymnastics.
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Athletes' Z-Score Profile  

Grip	Push Up	Sit Up	Keiser Chest	Keiser Leg	Sprint 20-30m	30m Sprint	BESS	Sit+ Reach	WAnTPP	Height 	Weight	0	-0.86	0.1	0.77	-1.56	1.95	1.89	1.59	-0.49	1.68	-1.26	-0.9	0.78	Tests
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