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Introduction

Netball is an intermittent team sport that requires high levels of strength, power, speed, agility and lower limb control (Gough et al., 2020; Thomas et al., 2017). Players also need high levels of aerobic fitness to perform consistently throughout the entire match (Thomas et al., 2019). The centre position provides the link between the attack third and defence, meaning they have greatest cardiovascular demands (spending most of their time >85% heartrate max) due to high-speed running intervals whilst covering the most distance within the game mean distance (5462.1 ± 169.4 m) (Brooks et al, 2020).

Due to the change of intensity happening every 6 seconds during the 60-minute game and with the 3 second rule of distributing the ball once received, these short duration, high frequency actions highlight the intermittent nature of netball (Thomas et al., 2017). This is why centre players needs during the game are anaerobic, as they need a fast production of energy (ATP: Adenosine Triphosphate) to perform quick sprints, jumps and manoeuvres (Thomas et al., 2017). Aerobic fitness is important to assist in recovery of the anaerobic systems and for endurance by providing the player with a steady supply of energy to maintain a high level of performance throughout the game (Modric, Versic and Sekulic, 2020). In order to continually replenish ATP during the game, the energy systems all work together. 

In netball, when a centre sprints at maximum intensity or quickly manoeuvres to receive the ball, the ATP-PC system would be the predominant energy system used as it uses creatine phosphate to resynthesise ATP as this is the quickest form in the regeneration of ATP anaerobically (without oxygen) (Hargreaves and Spriet, 2020). Most of these actions take less than four seconds and Spencer et al. (2019) study found a mean sprint duration was recorded at 2.8s. However, these quick maximal instant power bursts mean the body can quickly fatigue; in order to refuel during play the lactic acid system resynthesises more ATP by glycolysis (breakdown of glucose). In this process, a by-product called pyruvate is formed; anaerobically it is converted to lactate which can cause muscle cramps and fatigue, even more so due to the presence of hydrogen ions inhibiting glycogen breakdown and interfering with muscle contraction (Vigh-Larsenet al., 2021; Gligoroska and Mancevska, 2021). During rest, the primary means of ATP production is through the oxidative energy system (using oxygen) by using the pyruvate through the Krebs cycle and the electron transport chain to produce more energy (Prochownik and Wang, 2021).

Centre players require high levels of concentric and eccentric force production in order to complete multiple high intensity short duration fast sprints, quick pivotal manoeuvres and jump landings (Thomas et al., 2019; Galay, Poonia and Singh, 2021).  The use of the fast twitch muscle fibres allows the centre player to react quickly as they are triggered by calcium ions binding to the protein complex troponin forming the cross–bridge cycling (Supruniuk, Gorski and Chabowski, 2023). This facilitates the muscle to contract by pulling the thin filaments (actin) towards the centre of the sarcomeres at a faster rate (Supruniuk, Gorski and Chabowski, 2023). 



Method

The physical demands needed for a centre player in netball are strength, power, speed, agility, and aerobic fitness.  
The following tests were carried out. Each test was performed indoors. 

Strength 
Strength was analysed via a Grip Strength Takei Hand Grip Dynamometer (Habdirect, Southam, UK). This was performed with the participant standing with their arm by their side with full elbow extension. The participant squeezed the dynamometer for 3 seconds alternating each hand 3 times with no rest (right, left, right). The peak value of strength was recorded.



 
Power
Power was calculated using a seated KeiserA300 Leg Press. The seat was adjusted to ensure a knee flexion was at a maximum of 90-degree, then by incrementally increasing the load until peak power had been achieved. 

Speed
Speed was analysed by the participant running from a starting point timing station, which would start as soon as the foot came away from sensor. The participant would run as fast as possible until passing the 20-meter TC-PhotoGate and 30-meter TC-PhotoGate where the time was clocked.

Agility 
To test agility, a T-test was used. The test involved the movement of running forward, backward and to the side. Four cones were used and displayed in a T shape, with a cone placed 9.14 meters from the starting point (first cone) and 2 cones placed 4.57 meter on both sides of the second cone. This test required participants to sprint forward (9.14 meter) and touch the top of the cone with their right hand, side shuffle to the left (4.57 meter) and touch the top of the cone with their left hand, side shuffle to the right (9.14 meter) and touch the top of the cone with their right hand, shuffle (4.57 meter) back left to the middle cone and touch with their left hand and back-peddle back to the starting point (Munro et al, 2011). 

Aerobic fitness 
VO2 Max was analysed by performing an incremental test to exhaustion on a Wattbike Atom (Wattbike, Nottingham, UK). Exercise started at a work rate of 100w and increased by 25w every minute. Expired air was collected using a Hans Rudolph 2700 series mouthpiece (Hans Rudolph, Kansas, USA) and Douglas 100 litre bag (Hans Rudolph, Kansas, USA). The participant’s expired air was calibrated using a Servomex 5200 mini (Servomex, Bristol, UK) gas analyser and Harvard dry gas meter 1 (Harvard, Massachusetts, USA). 




Vertical Jump 
The vertical jump was recorded via a Takei jump meter (TKK 5414; Takei Scientific Instruments Co, Ltd, Niigata, Japan) The participant placed their waist band around their waist and the line was shortened until straight and tense. The participant’s hands were placed on the hips for the whole duration. The participant had to squat down and hold for 3 seconds before jumping as high as possible. 


Results 
Figure 1 reveals the mean value of standard deviation of strength, power, speed, agility, and cardiorespiratory fitness of the group. A comparison can be seen against the participant’s results and those of elite netball players (lack of suitable up-to-date mean scores were unavailable for power Keisher leg press). 

Figure 1. Raw score data of the participant compared to the rest of the females in the group and elite netballs players mean score. 
[image: ]With a result of 33 for grip strength, the participant was within the mean range of the group of 33.46±7.23. This is 29% lower than elite netball players who Kumar et al. (2020) study found had a mean grip strength of 46.62±5.81. The participant’s peak leg power was 647 which was 14% more powerful than the mean group of 552.76±154.02.  Speed of the participant was 1.43 seconds which showed she was significantly quicker than the mean group of 1.64±0.23. Elite level mean speed from Simpson et al. (2019) study was 1.16±0.06. The participant’s agility test result was 11.45 seconds, this is lower than the mean group of 14.58±1.83. Higher level under 18-year-old netball players agility mean T-test mean score was 6.46 ± 0.53 (Ibrahim et al., 2017). VO2 Max result of the participant was 41.1 compared to the mean group of 34.27±6.3 and was 17% better. However, Mungovan et al. (2018) found international netball players mean VO2 Max was 46.59 ± 2.58.  The participant’s score of 36 for vertical jump was higher than the group mean of 34.38±2.82, however, compared to elite centre players there was a difference of 10cm (Davison, et al. 2022). 

Figure 2 Participant’s Z score results compared to the group. 




Figure 2 illustrates the participant’s z-scores for each test. The Z score shifted to negative for strength (weaker than average).  The positive shift in leg power and VO2Max indicated better than average. Negative results for speed and agility are in favour showing the participant is faster than average.   




Discussion 

The purpose of this study was to analyse the physiological demands and performance variables of a professional netball centre player.  Results were then compared to the participant’s current physiological profile and then analysed to derive a suitable training plan. 

The key demands required for a centre player in netball are aerobic fitness, strength, lower limb control in the form of power, speed and agility, as these are the main components in being a high standard professional level centre player (Van Gough et al., 2020; Brooks et al, 2020). Research suggests that aerobic and anaerobic performances are of high importance in netball players, with centre players achieving greater distances and having the greatest demand for speed as they provide the link between the attack and defence (Thomas et al., 2017; Modric, Versic and Sekulic, 2020). 

Research using the VO2 Max to determine aerobic fitness level found that national elite netball players estimated VO2Max level was 46.59 ± 2.58 (Mungovan et al., (2018). A high standard of physical endurance is needed to take part in a 60-minute game because of the high demands and increased performance required during the game (Thomas et al., 2019; Modric, Versic and Sekulic, 2020).  The participant had higher VO2Max (41.1) compared to the group’s mean (34.27±6.3), however, this was lower than the required elite level. Speed is important for centre players, as they need to quickly get free from opponents in order to retrieve a ball and to pass it towards one of the attackers. A professional centre player’s 20 meters sprint time was recorded at a mean of 1.16±0.06 seconds (Simpson et al., 2019), whereas the participant’s results for the 20 meters sprint was1.43 seconds with a 4% difference; there is room for improvement. 

Agility is a key component in making sharp changes of direction to break free from opponents to get the ball. Mastun, Daud and Nazarudin (2020) found professional youth centre players agility T test scores were 13.44 ± 2.18 seconds, however, Ibrahim et al. (2017) found under 18-year-old netball players from the Paralympics scored 6.46 ± 0.53 seconds in the agility t-test. The participant’s agility t-test score was 11.45 seconds, this is within Mastun, Daud and Nazarudin (2020) range, yet compared to Ibrahim et al (2017) results she is slower by a margin of 5.01 seconds. 
 Having good strength means having a good supply of fast-twitch muscle fibres which allow the centre player to perform fast sprints, quick pivotal manoeuvres, and reactive jumps. To determine the participant’s strength level, a Takei Hand Grip Dynamometer was used.  It was found by Kumar et al. (2020) that elite netball players grip strength mean was 46.62±5.81 compared to the participant whose score was 33. With a 29% difference, strength is one of the main components needed for improvement.  Leg power via the Keisher leg press was 647 compared to the mean of the group at 552.76 (±154.02) and was therefore substantially higher; however, no relevant data for elite netball players was available. Comparing leg power through the vertical jump via the Takei jump meter showed a difference of 10 cm, with the participant scoring 36cm compared to elite netball players’ mean score of 46 cm. 
Looking at the results the participant excelled in each category compared to the mean of the group.  Manageable improvements can be made to progress to a professional level. 


Training Recommendations

Interval training such as fartlek training is a successful way of improving VO2Max (Thomas et al., 2017). It is effective for netball players, because it combines a range of training speeds, intensities and explosive movements, which not only raises anaerobic efficiency, but also increases VO2Max, which is perfect for a centre player’s intermittent sprints and long duration of play (Stankovic et al, 2021). Fartlek training for 20 minutes 3 times a week at 75%-85% of maximum heart rate will also help to improve speed and agility (Salgaonkar et al., 2020; Festiawan et al., 2021).
Plyometric training is a good way to increase neuromuscular performance, power output and enhance speed and agility as it directly focuses on the eccentric pre-stretch phase, which is a key component to the isometric (load), and specifically the concentric (explosive power) phrase (Janikov et al, 2023; Zhang et al.2023). This is because the magnitude of the stretch, rate of the stretch, and duration of the pre-stretch phase affects the amount of energy stored, which enhances the concentric muscle contraction (Meszler et al., 2019).  Plyometric drills 30 minutes 3 times a week progressing to single leg lateral, forward, and reverse movements will strengthen agility, ability and prevent injury (Mullaly and Nicholas, 2021; Thomas et al., 2017; Akin and Kesilmis, 2020). 
A strength and conditioning programme involving 2–3 sets of 1–2 multi-joint exercises per major muscle group, achieving intensities of 70–85% of 1 repetition maximum (1RM) 2-3 times a week would benefit the participant in developing a strong foundation of movement ability and core skills (McKeown et al., 2016; Fragala et al., 2019). This is achieved from resistance training as the weight force against muscles causes microscopic damage (microtears) within the muscle fibres, stimulating the body to repair the damage, allowing myofibrils to grow (Current, 2021). These adaptations will increase the number of active motor units available, meaning more motor units are available each time, enhancing the amount of force produced by a muscle (Duchateau and Enoka, 2021).
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VARIABLE MEAN STD DV | PARTICIPANT | ELITE MEAN
STD DV
GRIP STRENGTH 33.46 7.23 33 46.62+5.81
POWER KEISHER LEG 552.76 154.02 647 Unavailable
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AGILITY T -TEST 14.58 1.83 1145 6.46 +0.53
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VO2 MAX 3427 6.3 41.1 46.59 +2.58
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