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Abstract

Netball is a sport with a large participation base with over 20 million players worldwide and increasing high risk of injuries recorded within the sport. This literature review aims to identify and review existing literature relating to sport specific and minimalist footwear and injury prevalence in netball, to inform future recommendations for research.
A literature search was conducted using electronic databases/search engines: Science Direct, Google Scholar, and Research Gate to identify research fitting inclusion criteria of the study. Relevant studies were identified until March 2024 with no proposed historical date for collection of research.
Studies were included that fit the inclusion criteria outlined in the method. Kinematic testing, questionnaire and observational based studies were identified within research that produced literature regarding the research topic. 
A vast gap in research was identified and to establish an accurate injury evidence base in netball, future research should prioritise reliable, relevant surveillance systems (kinematic testing, video analysis) to understand the complex relationship between injury prevalence in the sport and appropriate selection and recommendation of netball-specific footwear versus regular minimalist footwear. 












Introduction

Women's Basketball was termed and created in England in 1895 as an adaptation to be more ‘appropriate’, involving less physical contact and restricted movement, from men's basketball, created in 1891 (Why is Netball a female Dominated Sport?, 2025 (online)).These foundations were laid for what would later become and eventually be known as netball. The 20th century saw netball gain traction, where representatives from England, South Africa, Australia, New Zealand, and the West Indies came together in 1960 to create a standardised set of rules for the sport (Why is Netball a female Dominated Sport?, 2025 (online)). This created the formerly known International Netball Federation (INF), now known as World Netball, the overarching global governing body for the sport. 
Injuries are an unfortunate part of every sport, with high participation rates within netball come high injury rates. Consequently, injury rates are high at both participation/community and elite levels, with up to 54.8 injuries per 1000 playing hours at the elite level, reported at the 2019 World Cup (Simpson et al., 2022). Still, they are of particular concern within netball and remain an area in which World Netball is keen to implement effective injury prevention and management strategies.
It is important to thoroughly understand the types of injuries and the methodologies in which they occur by synthesising all relevant published data to identify any associated risk factors, especially within player characteristics of injuries within the sport. Netball carries a level of intrinsic risk seen among other female elite sports, however, there are multiple extrinsic factors regarding the rulings of the sport that force rapid deceleration and stopping patterns that place added emphasis on the mechanisms that cause ankle and knee injuries.  
Hopper 1986 suggested that the ankle is the most reported injured part of the lower limb with up to 58.2% of all injuries occurring, followed secondly by the knee at 15.2% of all injuries occurred (Hopper, 1986). Upper limb injuries are less common among elite athletes and usually associated within the lower age categories due to slips and falls. Lower limb injuries are most associated with landing mechanisms, and the ground reaction forces (Hopper, 1986). Although this source is old, research reflects that this is still relevant and consistently shows ankle then knee injuries reported. 
Van Mechelen et al.’s. ‘sequence of prevention’ and the Translating Research into Injury Prevention Practice (TRIPP) models emphasise the importance of understanding and identifying the injury evidence base to inform injury prevention and management strategies (Finch, 2006).
Currently, there is limited evidence review of the characteristics and methodologies surrounding netball injury occurrence. There is an urgent need for a review of methodologies that cause injury to establish the research evidence base to provide a framework and future recommendations on injury occurrence within the sport. Injury surveillance is a crucial step in understanding the sports injury risk problems. Identification around mechanisms and risk factors are essential to being identified through collecting accurate evidence and robust data collection methods. Continued systematic collection of high volumes of data surveillance with a multifactorial approach to understanding the complex nature between risk factors and mechanisms (Bahr and Holme, 2003).
The importance of specialised footwear came a while after the development of the sport, later in the 19th century as netball gained recognition for its unique demands involving quick pivoting, excessive lateral movements, and sudden changes in direction. These movements highlighted the need for footwear that would provide stability and the necessary support and grip on the hard-court indoor surface netball is played. Early creation of netball-specific shoes mimicked the high-top designs created for high ankle support, within the early 1900s, for basketball participants. Originally made from leather with the sole design purpose to provide ankle stability and protection, as the participation demands for the sport increased, the realisation that footwear advances needed to be made with the need for technology to evolve became apparent (thesportreviewer.com (2024)).
Further advancements into the materials and design used to enhance lightweight properties (compared to leather), breathability, and flexibility to cater to the abilities demanded of the game. Where regular minimalist trainers lacked stability and grip on the hard-court indoor surfaces where netball is played, in stepped the development of rubber-soled netball-specific trainers to enhance traction. Rubber soles have proven to provide stability when making quick directional changes, pivots, and cuts without fear of slipping and losing balance (thesportreviewer.com (2024)).
Lateral movements proved the need for ankle cushioning technology, such as gel inserts and reinforced heel counters, where advanced cushioning technology and specialised foam material in the midsoles of netball-specific shoes enforce the cushioning needed when jumping and landing repetitively (thesportreviewer.com (2024)). Manufacturers have worked to create breathability in the lightweight netball shoes created nowadays, where increased speed and agility wouldn’t have been possible in the leather shoes' original design in the 1900s. The reduction in weight with these new technologies increases the overall flexibility of the shoes, combined with the reinforced heel, ankle cushioning, and arch support to mould the shoes to the player's feet, creating the most comfortable shoe to play in (thesportreviewer.com (2024)).
Breathable materials help keep the feet cool and dry in conditions where a build-up of sweat is natural, as the sport involves high levels of physicality activity, providing better air circulation through the shoes and feet, allowing players to focus on their game rather than the heaviness of their feet. The input and expertise from professional netball athletes have been crucial in the development of top-tier supported netball-specific shoes. Overall performance, fit, comfort, breathability, and design have all been areas that have benefited from athletes' input, providing optimal support from the most elite level right the way to participation level.
Although the sport is increasing in popularity globally, there is a lack of biomechanical analyses into the skills needed for the game, which could inform correct technique building from a non-elite competitive age. Changings to the footwork rulings and material properties of appropriate footwear choices could in effect, reduce stress placed upon the musculoskeletal system (thesportreviewer.com (2024)). The relationship between injury risk factors and appropriate footwear choices has been a complex narrative within research. The inception of the sport is deeply rooted within female history, where the change in evolution from basic leather-heavy shoes to lightweight breathable supportive shoes and the technology provided within them to adapt to players' abilities is an important part of the backstory to the sport (thesportreviewer.com (2024))
Player safety in a sport plagued by injury is a constant, repetitive topic of interest within literature. The history and evolution of netball-specific footwear suggests that regular minimalistic footwear compromises player safety, with the lack of grip and stability provided by the non-rubber soles. Regular minimalist footwear has been typically designed to cope with forward movements, leaving a big safety gap in the lateral movements that netball players make consistently (Hamil et al., 1984). Trying to pivot or decelerate and stop quickly in regular shoes will cause issues such as slipping and tripping and ultimately create lower-limb injuries. With the continued growth and development of the sport, so will the innovative technologies produced to create player safety, reducing and minimising the risk of injury to the players (Hamil et al., 1984).
A suggested primary cause of lower-body injury occurrence in netball, has been the bodies exposure to high ground reaction forces (GRF’s) and incorrect/poor technique during landing mechanisms (leaping, bounding, landing) to avoid footwork violations. Elite netball players produce GRF’s between 3.9-4.3 times their body weight when completing vertical movements and 4.2-4.6 times their body weight for horizonal reactions (Steele and Milburn, 1988). Gel cushioning is a great shock absorber of force, minimising the risk of injury through the reduction of impact on joints created by jumping and landing mechanisms (Steele and Milburn, 1988). Traction patterns within the rubber soles of netball-specific shoes allow better grip and functionality on court, granting the creation of agile movements, a necessity for all netball players (Steele and Milburn, 1988).
This research topic was designed to analyse the relationship between netball-specific footwear and injury prevalence within the sport, compared to regular minimalist footwear. This comes from the lax rulings around player equipment from World Netball. Within the 2020 rulebook, section 5.1.1 Players, states that suitable footwear (spiked soles are not permitted) are to be worn (World Netball, 2023).
Imposing considerable physical demands upon players with repeated high-intensity sprints, cuts, jumping and landing, and changes of direction will force an unfortunate occurrence of high injury rates. The unique footwork rule within netball (taking one step and not being able to move with the ball) generates substantial force demands on the lower limbs and increases player workloads (Steele, 1990).
With such unfortunate high injury occurrence rates per playing hours and lax wording within the rules and regulations regarding footwear, it is important to understand the relationship and relevance between footwear and injury occurrences within the sport, to increase safety within the sport. 
The rationale for the study follows the high demand for consideration around structured injury management and prevention strategies and a better epidemiological understanding around risk factors within the sport. The understanding around footwear choices is a constant argument within research, with the appropriateness of netball-specific footwear versus regular minimalist footwear questioned constituently. The study will focus on injury occurrences and the relationships of footwear within available data, or lack thereof, and look to make safety recommendations where relevant, appropriate, and/or needed. 























Literature Review:
Introduction
Unfortunately, netball has received a paucity of research within sports science settings, with the limited aetiological research available suggesting incredibly high injury rates. Injury rates per 1000 hours have been seen as high as 238 during a three-day tournament period (Sinclair et al., 2014). Aetiological analyses have shown that many injuries that occur during these playing hours are those of the lower limb extremities, typically from overuse of the musculoskeletal structures, causing chronic pathologies. There is a clear lack of published work regarding the effects that appropriate footwear selection may have on controlling the incidence of high injuries in netballers. Clinical efficacy of minimalist footwear has yet to be established, although there is a trend currently where players are choosing to select minimalist footwear in lieu of netball-specific footwear for performance and training  (Sinclair et al., 2014). Controlled epidemiological studies to be undertaken to establish protective factors and risk show a complex inter-relationship between footwear, injuries and playing surface. 

Shoes and Somatotypes 
The absence of rubber soles on regular minimalist trainers has proven to lack stability and grip on the hard-court indoor surfaces that netball is played on (Shorten, 1993). Regular trainers are created for specific forward movements and lack control and support during lateral movements, where insufficiency during quick stops or lateral cuts, with the reduction of slipping, is apparent in protecting players from injury occurrence (Shorten, 1993).
Regular trainers have a shortfall in ankle cushioning technology, with no reinforced heel counters and flat arches (a shoe should conform to the shape of the foot, not the foot conforming to the shape of the shoe), which do not provide players with the cushioning needed within the ankles and midsoles of the foot when performing repetitive jumping and landing (Shorten, 1993). Manufacturers have worked to create breathability in the lightweight netball shoes created nowadays, where increased speed and agility wouldn’t have been possible in the leather shoes' original design in the 1900s. 
The reduction in weight with these new technologies increases the overall flexibility of the shoes, combined with the reinforced heel, ankle cushioning, and arch support to mould the shoes to the player's feet, creating the most comfortable shoe to play in. Gel cushioning is a great shock absorber of force, minimising the risk of injury through the reduction of impact on joints created by jumping and landing mechanisms. (Steele and Milburn, 1988).
Breathable materials help keep the feet cool and dry in conditions where a build-up of sweat is natural, as the sport involves high levels of physicality activity, providing better air circulation through the shoes and feet, allowing players to focus on their game rather than the heaviness of their feet. Traction patterns within the rubber soles of netball-specific shoes allow better grip and functionality on court, granting the creation of agile movements, a necessity for all netball players (Steele and Milburn, 1988). The input and expertise from professional netball athletes have been crucial in the development of top-tier supported netball-specific shoes.  At the community and participation level, socio-economic factors may limit the number of participants wearing netball-specific footwear, as the price of regular minimalist trainers is much more affordable than netball-specific trainers.
Appropriate physical preparation comes through multiple training sessions, both on court and in the gym, through strength and conditioning at an elite level. Elphinston and Hardman (2006), state that levels of physical preparation at the elite level are suboptimal in differing countries. With the best level of practice of physical preparation is seen in the southern hemisphere by leading countries like Australia and New Zealand, versus the Welsh National team showing serious under-preparation and a lack of stability, mobility, and the capacity to execute fundamental movements required on court (Elphinston and Hardman, 2006).
Elphinston and Hardman (2006), suggest that standards of physical preparation differ among the Northern and Southern Hemispheres with physical preparation concerning differing playing positions on the court attributes to different relevant physical emphasis on movements and sports skills varying between the different playing positions. Within this, different somatotypes are exhibited by players selected to play in differing playing court groupings, defence, midfield, and attack. At the elite performance level, mesomorphic bodies are seen amongst the midfield (muscular midfield players), and ectomorphic bodies are seen in the defence and attack (players with long limb length and height) (Hopper, 1997).
In comparison to other sports, within rugby, forwards' footwear has been adapted with longer stud length to allow for more control and stability when in a scrum, allowing forwards and backs to have differing footwear for specific movement patterns they complete (Lovell-rugby.co.uk, 2024). Netball sport-specific footwear was created with the intention that all netball players need the same support from their footwear, no matter their playing position; therefore, the shoes are not currently court playing position specific and have been generalised to be available to all players (Hopper, 1997).
The midcourt players, Centers (C), Wing Attack (WA) and Wing Defence (WD) cover the most distance on the court, accumulating greater player loads, with the likelihood of this pertaining to restrictions of court movements for the Goal Defence (GD), Goal Attack (GA) Goal Keeper (GK) and Goal Shooter (GS) positions (Fish and Greig, 2014).
Majority of the existing literature focuses on the characteristics of netball and the physical demands of match play via the differing positions. The groupings of players, Midcourt, Defence and Attack Shooters all show differences in height, body type/mass and physical characteristic differences. Defenders and Shooters show greater height and body mass values compared to midcourt players (Fish and Greig, 2014).  However, there is no evidence to suggest that the playing positions would create a need for a difference in the standard of netball-specific shoes available although there are noted different physical demands placed upon playing position. 

Physical Preparation 
The implications around physical preparation surrounds the need for the development of strong muscles and connective tissues, the activation of corresponding muscle recruitment and activation strategies, which could be argued that the primary objective of physical preparation within netball is to guard against injuries. With the rulings surrounding footwork in netball requiring players to establish a landing foot that remains planted, and the opposing foot being able to take a singular step in any direction, most landing mechanisms happen with a single limb touchdown involving considerable reaction forces placed upon these singular limbs. Previous reports show values of up to 6.8 times body mass force placed upon the limbs during landing mechanisms (Birdsey et al., 2019).
This information would have been gathered post creation of standardised netball-specific footwear; however, would be part of the reason that netball-specific footwear is constantly evolving and adapting with intense gel cushioning and shock absorbing features to reduce injury occurrences caused by intense high repetitive volumes of landing stress placed upon the limbs (Hopper, McNair and Elliott, 1999).
 The footwork rulings create a variety of landing techniques, including the single-limb land via a hop or a leap, a vertical jump landing on both feet. Still, the technique most likely to impose the greatest force loading on the lower limbs via kinematic testing is a land pivot and turn movement. The influence of lower limb kinetics from the landing movements varies from player to player, concerning the demands of the movement created. Dominant versus non-dominant leg, pass played (loop, chest, bounce, overhead), height of the pass, and movement made to intercept the ball are all factors influencing landing technique and impact forces placed on the lower limb (Otago, 2004).
Netball-specific shoes were designed with rubber soles to aid movements on the hard-court surfaces. Still, research shows the dual purpose of the soles in establishing a solid, stable base when completing movements such as a land pivot and turn, focusing on allowing players to be able to move successfully without fear of slipping or sliding on the surface with the rubber soles. The elite netball players develop strategies to attenuate impact forces by evenly distributing the forces by adopting greater hip and knee flexion when completing landing movements, to reduce the risk of injury to the lower limb kinetic chain (Otago, 2004).  This literature review will investigate current up-to-date available literature examining the influence of netball-specific and minimalist footwear utilising readily available data surrounding the kinematics of sport-specific movements, to ultimately help attenuate the high incidence of lower extremity injuries in the selection of appropriate footwear choices. 






Method:

 The aim of this study was to review existing literature relating to sport specific and minimalist footwear and injury prevalence in netball. A narrative review was carried out considering the available evidence addressing the review question as to whether sport-specific netball trainers versus regular minimalist trainers provide a reduction in injury rates within netball. A literature search was conducted using electronic databases/search engines: Science Direct, Google Scholar, and Research Gate.
A qualitative research method is to be used to answer the proposed research question. Focusing on observing and interpreting readily available data, providing depth and context to answer the research question. Using a narrative review to conduct the research, answering the question through content analysis and observations. Although, there will be elements of statistical data used within the research, the main aim is to evaluate and interpret the data available through research. 
In searching for the studies, the research question terminology was included in the title, abstract, and subject field of each database. The key search terms were concerning netball-specific footwear (Netball Footwear OR Netball Shoes OR Netball-Specific Footwear OR Netball-Specific Shoes OR Netball Trainers OR Netball ASICS, MIZUNO, GILBERT Footwear) (18 Netball-specific shoes were available in Australia in 2021, however these were the three most notable brands dominating in any literature) and injury rates (Injuries in Netball OR Netball Injuries OR Lower Limb Injuries in Netball OR Injury Rates in Netball OR Injury Reduction Rates in Netball) and combinations thereof (Asics, 2025).
Studies were deemed eligible for inclusion within the research if they met the following criteria: 1) original articles (randomised control trials, non-randomised control trials, cross-sectional studies) that were published in the English language, 2) investigated the role of netball-specific footwear versus regular minimalist footwear in the reduction of injury rates, 3) were qualitative and quantitative studies with an abstract and full text available up to March 2024. Not imposing a start date upon research gathered allows for a reduction in restrictions of the research reviewed, creating a bigger pool of research to be obtained.
Originally, the research of literature consisted of using four search engines. However, the search engine proved a lack of articles available within the keywords used to search the databases. PubMed (National Library of Medicine) was the original fourth search engine to be used; however, all articles surrounding ‘netball injuries and footwear’ produced articles relating to basketball injuries. Although the two sports are similar, basketball has been heavily influenced by the media in the development of the technology concerning footwear and therefore is not relevant to the research conducted. 





















Figure 1:  Flow diagram illustrating literature search and selection.
[image: ]
Results:

Table 1: A selection of findings from studies included in the final 13 selected and included studies.
	Study Title
	Authors
	Main Findings

	Injuries in Netball – A Systematic Review
	Downs, C., Snodgrass, S.J., Weerasekara, I. et al. 2021
	Injury rates increase with age (upper limb, lower age, lower limb, increased age). Injury rates are higher in elite players 19.35/1000PH versus recreational players 11.3/14/1000PH. Need for more centralised national databases incorporating the quality of injury analysis, would better our understanding of netball injuries and mechanisms. 

	The netball injury evidence base: a scoping review of methodologies and recommendations for future approaches

	Horne, S., Shaheen, A.F., Baltzopoulos, B. et al.  2024
	A multifactorial approach should be undertaken to assess the complex interaction between multiple risk factors, player load and injuries. Continuous surveillance systems to be implemented via video analysis is crucial for developing targeted prevention strategies. 

	The effects of sport-specific and minimalist footwear on the kinetics and kinematics of three netball-specific movements
	J. Sinclair, N. Chockalingamb, R. Naemib and H. Vincent - 2014
	Twelve female netball players performed three netball-specific movements, run, cut and vertical jump measured using an eight-camera motion analysis system. Kinematic analysis obtained through force platform data collection. Kinematic parameters were significantly greater in the minimalist footwear in comparison to the netball-specific shoe in all three movements. Minimalist footwear may place netballers at increased risk from chronic injuries, continues utilisation of netball-specific shoes is recommended. 

	Attacking the Goal of Netball Injury Prevention: A Review of the Literature
	Alicia C. McGrath
Joan Ozanne-Smith 1988
	Report discusses a range of countermeasures for injury prevention including netball environment, correction of bad training errors and techniques, footwear and use of orthotics. Theoretical speculation that high topped ankle support footwear will reduce the extreme ranges of motion by providing external mechanical support, thereby reducing the risk of injury. Shoe height significantly increased the active resistance to inversion motions in moderate plantar flexion.

	Effects of conventional and minimalist footwear on patellofemoral and Achilles tendon kinetics during netball specific movements. 
	Sinclair J, Atkins S, Taylor P.J, Vincent H, 2015
	Current trend to wearing minimalist footwear rather than conventional netball-specific footwear. Achilles tendon forces were significantly greater in minimalist footwear compared to conventional netball-specific footwear. Knee forces and patelloformal pathology may benefit from minimalist trainers however the increased Achillies tendon forces would increase the likelihood of overuse Achilles tendon injuries.

	A Survey of Netball Injuries and Conditions Relating to these Injuries
	Diana Hopper, 1983
	Netball footwear has been subject to much debate by players and coaches, with partial dissatisfaction of the footwear noted by players. Players opting to use external protection alongside the netball footwear to minimise risk of injury. Joint reaction forces and optimal ground forces are key areas to be identified and further developed in more adapted supportive footwear. 



The results are telling that the relationship between netball-specific footwear and injury prevalence within the sport is a relevant topic that needs more attention to understand the relationship in further detail. Physical kinematic testing by Sinclair et al., 2014, is one of the only credible and valuable studies surrounding minimalist versus netball-specific footwear and kinematic testing.
Twelve experienced university level athletes (free from current musculoskeletal pathologies), completed five repeats of three sport specific movements, run, cut, and vertical jump. An eight-motion point camera created analysis of the lower-limb extremities with kinematic analysis gathered from a force platform. The netball-specific footwear was in line with the study selective criteria of an ASICS lady gel burner professional model 9 and the minimal footwear was a Nike free run 5.0. At the end of the study, participants were invited to select their preference of footwear, with 10 participants choosing the netball-specific shoes and two selecting the minimalist footwear.
Clinical relevance showed that minimalist footwear significantly increased impact loads for all three sport specific movements, furthering evidence that increased impact loading via minimalist footwear would see an increase in degenerative chronic pathologies such as Achilles tendon overuse injuries (Whittle, 1999).
Based on the studies impact parameters of kinematic analysis, it would therefore suggest that minimalist footwear would pose an increased risk of injury development/occurrence within the sport (Whittle, 1999). This observation would likely come from the additional midfoot cushioning that netball-specific footwear provides, decreasing the impact load because of foot strike.
This kinematic data would suggest that the current trend in the uptake of minimalist footwear is ill advised and plausible for the increased rate of injuries and causation of chronic overuse injuries. Sinclair et al., 2014, is one of if not the leading relevant studies surrounding kinematic testing and footwear appropriateness in injury relevancy rates within netball, inspiring further research to be conducted within this area to answer the research question (Sinclair et al., 2014).

McGrath and Ozanne-Smith 1988, report discussed a range of countermeasures for injury prevention within the sport. Suggestions out of the report outlined that netball players should choose their shoes carefully, by seeking professional advice. Theoretical speculation surrounding high top ankle supportive footwear reduces the extreme ranges of motion (inversion, eversion mechanisms), by providing high ankle support, thereby reducing the risk of injury. (Hopper, Bryant and Elliott 1994). The study supported this theory with relevant data collection showing shoe height significantly increased the active resistance to inversion motions in moderate plantar flexion, however the study did not explain how this was recorded or tested. 
Given this, the study does make recommendations for future research. Further research should be conducted on the design benefits of high top versus low top shoes, looking into the relationship between shoe design and injury and accounting for any confounding factors such as previous injury. The study also suggests that further refinement surrounding orthotic device specificity within the demands and development of netball is required, with well-designed controlled studies with significant sample size to provide definitive results as to whether orthotic devices impact injury reduction rates accompanied with netball-specific footwear. 
The study did show relevancy in relation to the suggestions around high ankle support via high ankle produced shoes although, unfortunately, the relevancy of this study in relation to the research question was not significant enough in providing structures answers or recommendations and although it initially fit the study criteria and relevancy, it was potentially not the most useful study in this area.  
With research showing significant percentages of ankle injuries reported in the sport, the Achilles tendon injury is of relevance within this area. Sinclair et al., 2015, is a key researcher within the kinematic analysis realm. Using kinematic analysis of the lower extremities at the patellofemoral force and Achilles tendon forces, quantified using predictive measures examining footwear and correlating forces using repeated measures (Sinclair et al., 2015). Patellofemoral forces were significantly greater in the conventional netball footwear compared to minimalist footwear; however, Achilles tendon forces were significantly greater in the minimalist footwear compared to the conventional netball footwear (Sinclair et al., 2015). Taking the patellofemoral forces and associated knee loading forces, a reduction in knee injuries may be seen within minimalist footwear. Versus the Achilles tendon forces being lesser in the conventional footwear, reducing the risk of Achilles tendon chronic overuse injuries, more commonly seen within netball. The research is conflicting and would depend on what players are wanting to reduce the risk of more, this research would guide players into wearing more conventional netball footwear considering the increases in Achilles tendon forces in minimalist footwear (Sinclair, Hobbs and Selfe, 2015).
The results fit the inclusion criteria of the study, however, are disappointing in the amount of theoretical supporting evidence via specific testing, such as kinematic, in the use of appropriate netball-specific footwear and injury prevalence in the sport. The kinematic testing that has been conducted and is available to read within literature is now currently 10 years old, meaning there is most definitely room for improvement in the testing conducted and research question to be answered. Overall, there is a vast lack of research surrounding the research topic, with the relationship between netball-specific footwear in its role of reducing injuries. A considerable amount of the available research is outdated, having been conducted and written in the 1980s and 1990s and consists of observational studies with little to no explanation of the research conducted or the use of questionnaires to ask preferences with no follow ups.
The results show a clear need for a more centralised national database that incorporates the quality of injury analysis, to better the understanding of netball injuries and mechanisms. A multifactorial approach should be undertaken to assess the complex interaction between the multiple risk factors surrounding player load and injuries. A lack of surveillance systems such as video and kinematic analysis brings the need to implement video analysis in critical crucial development of preventative strategies.  
Within the available literature it was difficult to find consistent injury prevention and management strategies with little to none return to play following injury criteria. This would be important to note in the relationship with footwear, as the injury sustained may cause problems within the footwear choices and is a firm reason that players choose to use external supportive mechanisms such as braces or taping, to support the ankle within the footwear following injury. Overall, it was incredibly difficult to find research surrounding injury, prevention and management strategies and the relationship with footwear that was outstanding positive and leading the way for all current and future research.

 


Discussion:

With ankle injuries being consistently reported as the highest occurring injury, the mechanisms by which these injuries occur are to be explored further. Elite players are often exposed at a relatively appropriate age to the surface they will be playing on for the duration of their elite playing career. These hard-court surfaces are usually made from plexipave or bitumen (Hopper, Elliott and Lalor, 1995).
Interestingly, the most common occurrence of injuries on these two surfaces from the skilled elite players consisted of the lack of the player's neuromuscular control and lack thereof coordination, from movements such as landing, slipping, tripping, or falling. Commonly, this mechanism is associated with foot unsteadiness on the surface, and in literature, it is identified that this is probably due to the inappropriate frictional characteristics between the surfaces and tread patterns within the footwear choices (Hopper, Elliott and Lalor, 1995). Appropriate footwear choices have been a common debate amongst netball players, coaches, and manufacturers since the beginning of the introduction of netball-specific footwear, with multiple different brands producing netball-specific shoes and competing to be the best technologically advanced shoe with the best injury reduction outcomes for skilled players. Although certain manufacturers seem to dominate the market, there has been no relevant preference in shoe choices made among the players, and certain factors such as sponsorships may be one of the only contributing factors as to why a certain brand is seen dominating more than others. Economic factors and disparity of netball popularity between the northern and southern hemispheres may be another factor in brand dominance globally.
 Only a handful of physical kinematic testing studies with footwear and injury rates have been conducted in the literature that fit the inclusion criteria to be reviewed within this research question. There is a vast gap in research surrounding footwear's relevance in reducing injuries because of the contributing intrinsic and extrinsic factors. With limited kinematic testing conducted during research, most risk factors for injury occurrence have been identified from baseline testing and questionnaires.
Risk factors in these experimental studies were identified as: previous injury, footwear choices, and taping and strapping of the knee and/or ankle, lack of physical preparation during warm-up and/or training, menstrual cycle, and return to play after childbirth. Hormonal fluctuations during differing phases of the menstrual cycle have been commonly discussed in literature, with researchers explaining that this becomes an increased risk to female players sustaining an anterior cruciate ligament (ACL) injury. This becomes an awkward injury risk factor as female players are expected to play consistently around their menstrual cycle, with varying cycle lengths between women. There is an uncontrollable injury risk factor.
Consistently, through literature, lower-limb injuries are the most common site of injury reported, with the ankle making up 31% of reported injuries and the anterior cruciate ligament (ACL) being the number one knee injury (Hopper, Elliott and Lalor, 1995). However, in certain competitions, ankle injury rates are as high as 58.2% and the knee at 15.2% at the knee. These figures should be alarming to the World Netball Federation.  The reported injury incidence varies in the literature as excepted for a sport played globally with more recognition starting within the community game, as the leading women's sport played in the southern hemisphere. Per 1000 playing hours, injury incidence varies between 13.8 to 89.4, with some as high as 238 injuries per playing exposure hours (Smyth et al., 2022).
Netball is reported to be amongst the top 10 hospitalisation rates from injury occurrence in sport, with anterior cruciate ligament (ACL) cited as the principal cause, underpinning the importance of effective injury management and prevention strategies. A concern both nationally and internationally as a public health issue is relating to injury prevention is the lack of systematic collection of netball-related injury data. The association between appropriate shoe choice and ankle injuries is controversial in the literature.

Dissatisfaction with netball-specific footwear comes from players reporting blisters, soreness, and cuts when first breaking in the shoes, but also as time develops and overuse occurs. Blisters, usually caused by friction, were reported from an inadequate link between the interference of either the foot and the sock, or the tread of the shoe on the surface, or the sock and the inner shoe (Hopper, Elliott and Lalor, 1995). To solve this problem, players will use plasters/bandages, although they find a lack of adherence to the skin, causing more friction. Although there have been many brands that have attempted to create a sock that supports the foot comfortably with breathable factors, it seems there is a gap in the research and available market to understand how to better support players to reduce friction soreness and blisters when playing or training via sock support. 
Throughout research, the dissatisfaction for netball-specific footwear solely comes from the discomfort caused by blisters or friction issues. There are no other defined reasons within literature that state players are dissatisfied with the netball-specific footwear designed for them (Hopper, Elliott and Lalor, 1995). The current trends towards players choosing minimalistic footwear as opposed to netball-specific footwear isn't clearly outlined. The studies stating this, have no evidence to back up this theory, and no statements from players themselves suggesting this new way of playing. This choice for minimalist footwear may be guided by the discomfort and causation of blisters and friction, which is then a problem to be addressed by either the sock manufacturers or the sole manufacturers for the shoes.
Within the currently available netball-specific footwear, different collar heights of the shoes have been created and adapted. The overall aim of the creation of netball-specific footwear was to provide high ankle support and cushioning technology that would impact and reduce the injury rates. In a study conducted with the Jamaican national team and their footwear, only 2.7% of players chose to go for high-cut supporting footwear, versus 32.7% choosing low-cut footwear and 60% of the players choosing mid-cut footwear (Singh et al., 2013).
 With this study being cross-sectional (part of the inclusion criteria), it is difficult to determine whether ankle collar height influences sustaining an ankle sprain injury. McGrath and Ozanne-Smith 1988, biomechanical studies reported that netball-specific footwear has been reported to increase time to peak impact, reduce loading rates during netball-specific movements, cutting, running, and landing mechanisms. This suggests the potential role that netball-specific footwear plays in reducing the risk of injury (McGrath and Ozanne-Smith, 1988).
Currently, within the mounds of netball-specific footwear available for players to choose from, the only adaptability piece of the shoe seems to be the collar height, low-cut, mid-cut, or high-cut. These brands need to invest more time in working with the elite players who have most likely suffered a multitude of injuries or conditions during their playing careers, that would allow them the ability to influence a positive change in netball-specific footwear.
Insufficient evidence makes it difficult for research to conclusively recommend certain types of netball-specific footwear, and further studies and needed to identify defining factors around appropriate footwear choices for netball. Although literature is clear in its ability to determine the positive influence netball-specific footwear has on reducing injury rates through peak force reduction and support in reducing loading rates during netball-specific movements (Hopper, Elliott and Lalor, 1995).
Netball-specific footwear in the literature may influence ankle biomechanics during netball-specific movement, such as cutting and landing mechanisms that predispose netball athletes to sustain an ankle sprain (Hopper, Elliott and Lalor, 1995).
Kinematic testing of the lower-limb extremities through eight-motion camera analysis and force platform analysis is a firm supporter that impact loads of considerably lowered using netball-specific footwear versus regular minimalist trainers, therefore, there is a positive relationship between the appropriate footwear choices and reducing injury risk (Sinclair, 2014).  Sinclair 2015 has sufficient evidence suggesting Achilles tendon impact forces are lowered using netball-specific footwear. Although there is consideration that patellofemoral joint forces are higher wearing netball-specific footwear. This information is available if players are interested in the forces produced by certain limb movements and footwear and is there for them to make the choice of which footwear they would prefer to use. 
A plethora of studies have been conducted within the last two decades looking into injury management and prevention strategies, however, there has been a lack of reviews, and only one broad review stands out in the literature investigating injury management and prevention, suggesting that there is a requirement for an updated review of the literature. Netball New Zealand implemented a program called NetballSmart in 2013, introducing a dynamic warm-up and education program. Since 2013, the NetballSmart program has shown a reduction in the peak volume of ground force, creating an improvement in landing mechanisms among junior athletes (Saad, Davies and Smith, 2021). However, this program does not consider any relevancy between footwear relationship and injury reduction rates. This could be an area of study that Netball New Zealand decide to investigate, given the credibility of netball-specific footwear and its reduction in ground forces, an area that the program already focuses on.
This is positive in its approach to introducing correct movement patterns at a lower performance level, encouraging positive reinforcement of movement patterns and a reduction of injury. 
Netball Australia followed two years later, creating a program called KNEE (Knee Injury Prevention for Netballers to Enhance Performance and Extend Play), aiming to reduce lower-limb injuries, specifically targeting the knee and the ankle as a subsequent follow-up. However, neither of these programs has been updated since 2015, and it has been difficult to record within the literature the rate of usage of these programs (Saad, Davies and Smith, 2021). Again, an injury management program created with no sufficient recording of how effective it is and lack of research regarding netball-footwear choices in knee injury prevention management. With Sinclair 2015, study on patellofemoral force in netball-specific trainers versus regular minimalist trainers, this KNEE program could use the research to develop their own consensus in the KNEE program and positive footwear relationships for injury management and prevention.
The aim of the study was to be able to effectively identify the positive relationship that footwear plays within the role of injury reduction compared to minimalist footwear, which the study did achieve. The recommendations that the governing body, World Netball, updates its guidelines and issues more formal language surrounding player equipment is relevant to ensuring player welfare and safety, just like many other popular sports do. However, there is a clear lack of current relevant and up to date research surrounding this topic and leaves the topic wide open for discussion. It is a research area that needs to be further investigated and the rationale behind this is the consistent unfortunate injury prevalence within the sport not yet showing a decline. 








Conclusion:

Insufficient research has been conducted on this research topic, leaving gaps to be explored further as technology advances. Lots of the research uses terminology such as ‘may influence’, which is positive language when trying to answer the question of netball-specific footwear having a role in the reduction of injury rates and problems occurring. However, there is a clear lack of defining terminology surrounding the subject area, meaning more research is heavily required in this sport plagued by injury. 
Although the research identifies that netball sport-specific footwear isn’t the number one contributing factor to the risk of injury and reduction of injury, it is recommended that the Federation update the rules and regulations to reflect the importance that netball-specific footwear plays in the reduction of injury occurrences. Many intrinsic and extrinsic factors contribute to injuries within netball; however, footwear is a controllable factor compared to the menstrual cycle, which isn’t a controllable factor from the federation. Therefore, being able to control the reduction of injury is important in ensuring player safety. 
Research does not suggest a negative impact to the sport if the recommendation to the federation, World Netball, were to implement updated, clear, consistent guidelines in respect to players' safety through tighter equipment regulations. Research shows no implications in the mandate of netball-specific footwear, if adaptations are made to make more consistent supportive shoes across multiple foot morphology categories, catering for everyone. Other sports such as competitive running have already made the move to make accessible supportive footwear with adaptations to arch support, catering for all accessibility needs. Netball manufacturers should follow in the same direction.
There is also clear consistency in the research being incredibly outdated. Research solely pinning netball footwear and injuries in the same category come from the 1980s or 1990s, being well over 35+ years old. Originally, the aim of the research question was to gather data from the latest year of 2000, meaning research was up to 25 years old. However, this posed incredibly difficult and would have meant only a handful of studies would have been available to look at. Although this could have been an option, there was not enough data within these handful of studies to inform any influence on the research topic.
The evidence that is available currently, is clear in its support for netball-specific footwear, with some adaptations made by manufacturers, for its role in the reduction of injury rates within the sport. The adaptations would include further refining the soles of the footwear to reduce (complete elimination is not practical) the friction impacts causing blisters and discomfort. The creation of a multitude of arch support as suggested in the above literature, would potentially see a positive uptake in the use of netball-specific footwear, reducing the dissatisfaction experienced by the elite players. 
 The obligation is on the governing body, World Netball/the International Federation of Netball, to create a safer sporting environment. Increased risk of injury is associated with socio-economic factors in the younger netball population and the community game, especially in countries with a low economic background, as netball-specific footwear comes with an increased price tag compared to regular minimalist footwear. Enforcement practicality at grassroots netball could be difficult without administrative oversight, however, netball-specific footwear is identifiable. Checks are made ahead of players taking to the court, which includes nail length and jewellery checks, and if the players are not deemed to meet the umpire's standards if they are unable to make changes to, they are not deemed suitable to play and do not take court. These are checks performed from a safety aspect for all players. Why isn’t footwear considered a safety element of the sport, and implemented and checked? 
It is incredibly clear that there is a significant and desperate need for more research to be conducted on the topic, only a handful of studies complete kinematic lower-limb testing, and research being scattered with questionable evidence collection is not conclusive enough to determine research outcomes. No research suggests that it would be harmful to implement a change in rulings surrounding footwear appropriateness. Following the research conducted within this review, it is recommended that World Netball updates its guidelines to reflect a clear concerted effort to increase player safety and welfare. World Netball needs more consistent evidence-based research to effectively implement this, however, there is no harm in implementing these guidelines within certain playing groups/levels as a mandated trial to see the positive effects that appropriate footwear choices have on reducing the risk of injury. Committing to player welfare in a sport plagued with injury is clear within the evidence-based sport governance literature.

Summary:

In summary, netball is a sport played by more than 20 million people globally, with concerning increasing injury rates. Lower-limb injuries to the ankle are most prevalent within the sport, although knee injuries are unfortunately common too. Support is provided to these limbs through external support, braces, taping, and footwear, which has been adapted to become technologically advanced in the cushioning support to the ankle and midfoot, with improved grip and stability on the hard-court surfaces, influencing the risk of injuries occurring. There is a distinct, clear lack of evidence-based injury prevention and management strategies, with inconsistent return-to-play following injury guidelines. A wide gap in research leaves players and coaches clueless on the return to play following injuries. The sport is in desperate need of further research into the incredibly high rate of injuries and the role that sport-specific footwear plays in these injury occurrences. Players experience dissatisfaction with their shoes due to poor creation from manufacturers, needing an improvement in this area. However, research has thus far been positive in the thesis that there is a relationship between netball-specific footwear and the reduction of injury rates compared to regular minimalist footwear. The sport is far too popular to be riddled with injuries and not have effective, consistent injury prevention, management, and return to play strategies. Considering the current and increasing popularity of the sport and its lax wording around player equipment, questioning the governing bodies care around player safety. Sport-specific netball footwear plays a positive role within injury reduction and should be further identified within research, with adaptations made from global manufacturers to increase player welfare and safety. A positive recommendation to the governing body, World Netball, to update the current regulations to reflect their concern around player safety and welfare is needed. 
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Appendices

Method - Figure 1: Figure 1:  Flow diagram illustrating literature search and selection.

Results - Table 1: A selection of findings from studies included in the final 13 selected and included studies.
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