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ABSTRACT 
 

 

The research presented in this thesis intends to explore growth and maturation, and training 

load as risk factors of injury in young, competitive gymnasts in order to inform future practice 

in gymnastics. 

 

The thesis begins by investigating the current knowledge, awareness and practices of coaches 

related to growth and maturation, and training load in gymnastics. Injuries were believed to be 

associated with the adolescent growth spurt. In addition, knowledge and practice of monitoring 

growth and maturation, and training load differed between coaches and different gymnastics 

disciplines. It was also recognised that there are numerous inconsistencies with current injury 

surveillance in gymnastics. Therefore, study two developed injury surveillance 

recommendations based on the consensus of international practitioners working within artistic 

gymnastics. Recommendations included injury definitions and methods for reporting injuries, 

with the aim of promoting more consistent injury surveillance in gymnastics. The next chapter 

builds from the first study and examines the interaction between growth and training load on 

injury risk of young gymnasts. The risk of injury appears to increase during the adolescent 

growth spurt and with higher weekly loads in trampoline gymnasts. Consequently, monitoring 

growth spurts and training load may help reduce the risk of injury in gymnasts. Part two of this 

chapter supplements the previous work by further investigating the relationship between 

training load variables, injury, and a marker of performance, using retrospective data from 

senior trampoline gymnasts. However, the findings from this study were inconclusive. The 

final study incorporates the COVID-19 pandemic and explores the return to training process 

following the first national lockdown in the UK. Findings from this study, particularly in 

relation to training load and injury risk, can be considered in everyday practice as well as during 

a return to training scenario. 

 

The overall findings in this thesis suggest that the adolescent growth spurt and training loads 

may increase the risk of injury in young gymnasts. More importantly, this thesis emphasises 

the importance of monitoring growth spurts and training load to help reduce the risk of injuries 

in young gymnasts. 
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CHAPTER ONE 

Introduction 
 

1.1 Research overview 

 
The modern sport of gymnastics goes as far back as 1811 and was first contested in the modern Olympic 

Games in 1896. Although the sport has evolved throughout the years, gymnastics remains popular, with 

four disciplines currently contested at the Olympic Games. Since Great Britain’s recent success on the 

world stage, the participation of gymnastics, particularly within the youth, has grown exponentially. 

The rise in participation has consequently resulted in more young, competitive gymnasts. British 

Gymnastics, the national governing body for gymnastics in the UK, recently experienced a 12% 

increase in memberships for competitive gymnasts under the age of 18 (Sept 2018 – 2020). 

 

British Gymnastics umbrellas nine disciplines of gymnastics, which are divided into ‘Olympic funded’ 

and ‘British Gymnastics funded’ disciplines. The Olympic funded disciplines consist of Men’s artistic 

(MAG), Women’s artistic (WAG) and Trampoline (TRA) gymnastics. These disciplines are largely 

funded by UK Sport and receive sports science and medicine support from the English Institute of Sport. 

The remaining disciplines are funded by British Gymnastics and consists of Rhythmic, Acrobatic, 

Tumbling, Double-Mini Trampoline, Team Gym and Aerobic gymnastics. The research in this thesis 

will focus on the Olympic funded disciplines at British Gymnastics (MAG, WAG & TRA). In artistic 

gymnastics (MAG & WAG), gymnasts compete on a number of apparatus and are judged on the 

difficulty and execution of the routine. Men compete on six apparatus; Pommel Horse, High Bar, Floor 

Exercise, Vault, Parallel Bars and Still Rings whereas women compete on four; Floor Exercise, Vault, 

Uneven Bars and Balance Beam. In comparison, Trampoline gymnasts are required to compete two 

routines of ten skills and are judged on the time of flight, horizontal displacement on the trampoline, 

difficulty, and execution of the routine.  

 

Gymnastics is known as an early specialisation sport. Gymnasts in Great Britain are eligible to be part 

of a national programme from the age of nine years old and therefore, similar to gymnasts in other 

countries, begin specialised training programmes and high volumes of training at a young age (Burt et 

al., 2010, Guerra et al., 2016, Patel et al., 2020). As with all athletes, young gymnasts are exposed to 

the risk of injury when they train and compete. Injuries that are commonly reported in young gymnasts 

are often growth-related, overuse injuries such as Osgood-Schlatter disease, spondylosis and gymnast’s 

wrist (Hart et al., 2018).  

 

The adolescent growth spurt has been identified as a risk factor for injury in young athletes (DiFiori et 

al., 2014, McKay et al., 2019, Towlson et al., 2020). Although the exact causation of injuries during the 
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adolescent growth spurt are unknown, changes that occur during periods of rapid growth may be 

associated with the increased injury risk in youth athletes. During the adolescent growth spurt, the 

growth plates become more fragile and less resistant to forces as a result of rapid growth (Caine et al., 

2006, Faulkner et al., 2006). In addition, the development of bone and muscle occurs asynchronously 

(Iuliano‐Burns et al., 2001) often leading to imbalances between growth, strength and flexibility. 

Alongside the repetition of similar movement patterns associated with specialised training, physical 

changes related to the adolescent growth spurt may increase the risk of injury in youth athletes during 

this time. It has also been suggested that the development of sensorimotor mechanisms combined with 

rapid growth may influence motor performance and therefore may result in an increased risk of injury 

(Quatman-Yates et al., 2012). The research pertaining to this concept is, however, limited and equivocal 

(Quatman-Yates et al., 2012). 

 

Training load has also been identified as a risk factor for injury in youth athletes (Watson et al., 2017, 

Møller et al., 2017, Bowen et al., 2017, Murray, 2017, DiFiori et al., 2014). The current research in 

youth athletes suggests that a sudden increase in training load or ‘spikes’, and high acute loads, are 

associated with an increased risk of injury (Bowen et al., 2017, Watson et al., 2017, O'Keeffe et al., 

2020, Møller et al., 2017). The mechanisms for an injury can be at the tissue level, as a consequence of 

the tissue’s inability to tolerate load and at the athlete-level, where fatigue may influence aspects such 

as decision-making and neuromuscular/motor control (Soligard et al., 2016). Training load as a risk 

factor of injury is of particular interest in gymnastics because of the high volumes of training that 

gymnasts are notoriously subjected to. However, the research and subsequently the practice of 

monitoring training load in gymnastics is currently sparse (Burt et al., 2010, van der Eb et al., 2013, 

Patel et al., 2020, Trucharte and Grande, 2021), and therefore understanding the risk of injuries from 

training load in gymnastics poses a challenge.   

 

As injury is complex, dynamic and its causes are usually multifactorial (Meeuwisse et al., 2007, Windt 

and Gabbett, 2017, Kalkhoven et al., 2020), it is important to consider the interaction of different factors 

such as growth spurts and training load on injury risk (Windt et al., 2017). Recent literature has begun 

to discuss the combination of these risk factors on injury risk (McKay et al., 2019, Towlson et al., 2020), 

but at present remains largely unknown. Due to the nature of the sport, gymnasts are particularly 

susceptible to both these risk factors and subsequently warrants further exploration. Sustaining an injury 

can have both short- and long-term implications for a gymnast, where injuries may directly or indirectly 

impact development and potential, future participation in gymnastics or other sports and may also lead 

to long term health problems (Webborn, 2012). It is, therefore, important to understand how the 

adolescent growth spurt and training load can influence injury in youth gymnasts to inform and develop 

future practices and ultimately reduce the risk of injury. 
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1.1.2 Statement of purpose 

The aim of the thesis was to understand the influence of biological maturation and training load on 

injury risk in competitive gymnasts to inform future practices in gymnastics. 

 

1.1.3 Research questions 

In order to fulfil the aim of the thesis, a number of questions were developed. At present there is little 

research around the areas of growth and maturation, and training load in gymnastics, and even less so 

on these areas as injury risk factors. It is first important to explore the current understanding and 

application with regards to growth and maturation, and training load from those coaching gymnastics. 

Understanding the current knowledge, experiences and practice of gymnastics coaches alongside 

current literature, would form, in part, a needs analysis and subsequently underpin future research 

and/or education. Therefore, the following two questions were formed: 

 

1. What is the current knowledge, experiences, and practices of coaches with regards to 

growth and maturation and training load in young, competitive gymnasts? 

 

2. How is growth and maturation, training load and injury currently monitored in artistic 

and trampoline gymnastics? 

 

Additionally, there is currently no clear method of reporting injuries in gymnastics (Campbell et al., 

2019) and therefore at present the true burden of injuries is unclear. In order to understand how growth 

and maturation, and training load influence the risk of injury in young gymnasts, it is integral that 

injuries are reported in a consistent way. Consequently the third question was developed: 

 

3. Can a consensus on injury surveillance be developed in gymnastics? 

 

Previous literature has linked both the adolescent growth spurt and training load as risk factors of injury 

in youth sports (DiFiori et al., 2014). Although similar associations can be assumed, these risk factors 

on injury risk in gymnastics have yet to be investigated. Consequently, it was important to understand 

the individual influence and interaction of the adolescent growth spurt and training load on injury risk 

in gymnasts. As a result, the fourth question was devised: 

 

4. Is there an association between growth periods and training load on injury risk in 

gymnasts? 
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Reducing the risk of injury in young gymnasts is at the best interest of many key stakeholders in 

gymnastics. Injuries can impact on long-term development, lead to dropout and can result in long term 

health problems. Whereas the adolescent growth spurt is a non-modifiable risk factor of injury, training 

load is a modifiable risk factor. On this basis, the fifth and final question was developed: 

 

5. Can training be modified during the adolescent growth spurt in competitive gymnasts in 

order to reduce the risk of injury? 

 

These five research questions aimed to guide the development of this thesis and inform future practice 

in gymnastics.  

 

1.1.4 Impact of COVID-19 (Coronavirus) pandemic 

 
Unfortunately, not all research questions were able to be addressed as a result of the COVID-19 

pandemic. In particular, part of question 4 and question 5 were affected. Modifications were made to 

the direction of research but remained aligned to the core research themes; growth/maturation, training 

load and injury in gymnastics. The impact of COVID-19 and the changes to the direction of research 

are explained further in the thesis overview and can be seen in chapters five, six and seven. 

 

1.2 Thesis overview 

 

1.2.1 Chapter 2: Literature review 

A review of the literature in accordance with the research purpose and questions are presented in this 

chapter. Current research in the areas of injury surveillance, injury risk factors, growth and maturation 

and training load are appraised, including relevant research related to the sport of gymnastics. Gaps in 

the research are also highlighted within this chapter.   

 

1.2.2 Chapter 3: Coach awareness, knowledge, and practice in relation to growth and maturation and 

training load in young, competitive gymnasts 

This chapter explores the current knowledge and practice of gymnastics coaches with regards to growth 

and maturation, and training load. Using qualitative research methods, focus groups of coaches working 

with gymnasts on a performance pathway programme (within the disciplines of Men’s artistic, 

Women’s artistic and Trampoline gymnastics) were used to investigate current knowledge and practice 

of the aforementioned areas. Inductive thematic analysis was then used to extract key themes and thus 

address the first and second research questions. 
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1.2.3 Chapter 4: Developing an international consensus statement on injury surveillance in artistic 

gymnastics 

The initial process of developing an international consensus statement on injury surveillance in artistic 

gymnastics is described in this chapter. Using the RAND/UCLA Appropriateness method (RAM), 

initial recommendations for injury surveillance in artistic gymnastics were formulated. The chapter also 

discusses further considerations required to develop a more robust consensus statement for injury 

surveillance in artistic gymnastics. 

 

1.2.4 Chapter 5: Part 1: Influence of growth and training load on injury in competitive (Trampoline) 

gymnasts 

A novel investigation on the influence of growth and training load on injury risk in competitive 

gymnasts are presented in this chapter. As a result of COVID-19, the study only incorporates gymnasts 

from the discipline of Trampoline. Associations and interactions were determined using generalised 

linear mixed effect models, with the aim of understanding the influence of the adolescent growth spurt 

and internal training load on injury risk, and therefore attempting to answer the fourth research question. 

 

1.2.5 Chapter 5: Part 2: Modelling the relationships between training load, injury, and performance 

in trampoline gymnastics: A seven-month retrospective cohort study 

Combining knowledge from both existing research and findings in chapter three, a paucity in the 

research pertaining to training load in trampoline gymnastics exists. In this chapter, retrospective 

training load data of elite trampoline gymnasts were modelled using generalised linear mixed effect 

models to investigate the relationship between training load, injury, and performance in trampoline 

gymnasts. The intention of this chapter is to supplement the findings in part one of chapter five.   

 

1.2.6 Chapter 6: Return to competitive gymnastics training in the UK following the first COVID-19 

national lockdown: A mixed-methods analysis 

Following the first national lockdown in the UK, this chapter uses a mixed-methods approach to explore 

young, competitive gymnasts (within the disciplines of Men’s artistic, Women’s artistic and Trampoline 

gymnastics) returning to training in a gym environment. Descriptive statistics and generalised mixed 

method effect models were used to describe training load and injury during the data collection period. 

A coach from each discipline was then interviewed to further delve into the experiences and practices 

of returning to training amidst the pandemic. 

 

1.2.7 Chapter 7: Discussion  

A general discussion of the primary findings of the research is provided in this penultimate chapter. The 

research questions outlined are considered, followed by a discussion of methodological approaches 
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used within this thesis. The chapter then concludes with an evaluation of the contributions to existing 

knowledge and areas recommended for future research. 

 

1.2.8 Chapter 8: Research impact at British Gymnastics 

The final chapter discusses the research impact made at British Gymnastics as a result of exploring the 

areas of growth and maturation, training load and injury. 
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CHAPTER TWO 

Literature Review 
 

 

2.1 Introduction 

 

The long-term development of talented gymnasts is considered crucial for producing world class 

gymnasts, which often starts at a young age. As with all youth athletes participating in organised sport, 

young gymnasts are exposed to an increased risk of injury when they train or compete. Sustaining an 

injury can be detrimental for any youth athlete as it disrupts athletic development, increases the risk of 

another injury, and can possibly lead to early retirement (Bergeron et al., 2015, DiFiori et al., 2014). 

With this in mind, the review aims to explore the epidemiology and risk factors of injury in youth 

gymnasts. A specific focus will be placed on growth and maturation, and training load as risk factors 

of injury. 

 

2.2 Injury epidemiology 

 

2.2.1 Definitions and classification of injury 

In order to assess the epidemiology of injury in sport, it’s important to first clarify what constitutes as 

an injury. An injury has most recently been defined as ‘tissue damage or other derangement of normal 

physical function due to participation in sports, resulting from rapid or repetitive transfer of kinetic 

energy’ (Bahr et al., 2020). Within the area of sport epidemiology there appears to be three main 

classifications of an injury: Time-loss, Medical-attention and All-complaints (Clarsen and Bahr, 2014b, 

Bahr et al., 2020).  Injuries are most frequently classified or defined as those that results in time-loss 

(Mosler et al., 2018, Whalan et al., 2018, Cross et al., 2016a, Roberts et al., 2013, Zetaruk et al., 2006). 

This definition is both simple to employ and provides a clear picture of athlete availability. The ‘Time-

loss’ definition allows injuries to be easily identified by their inability to participate in scheduled 

training or competition and can be recorded by any individual. The frequent use of this definition 

enables injury burden to be compared across sports. However, a ‘Time-loss’ definition is limited in that 

it does not account for athletes who may train or compete through an injury, particularly overuse 

injuries. The definition is also unable to distinguish whether training has been modified around an injury 

(Harøy et al., 2017, Clarsen and Bahr, 2014b, Bahr, 2009). 

 

A greater number of injury incidences are more likely to be captured using the ‘Medical-attention’ 

definition of injury - an injury whereby an athlete seeks medical attention. It is thought this definition 

will capture the true burden of an injury by capturing injuries that both do and do not result in time-

loss. Conversely, the ‘Medical-attention’ definition is unreliable if athletes experience inconsistent 
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medical support or are treated by multiple medical support systems and/or practitioners (Clarsen and 

Bahr, 2014b). In gymnastics, the variation in medical support is often dependent on the environment 

(i.e., club or camp) and the level of gymnast. 

 

Injuries are thought to be captured most completely using the ‘All-complaint’ definition of injury (Junge 

et al., 2008, Fuller et al., 2006). Similar to ‘Medical-attention’ definition of injury, the ‘All-complaint’ 

definition of injury is able to capture injuries that may or may not result in time-loss. The ‘All-

complaint’ definition of injury includes all medical problems, regardless of whether medical attention 

is attained. However, the ‘All-complaint’ definition of injury may lead to observer bias due to the 

surveyor’s interpretation of a complaint. The definition is also dependent on whether the athlete reports 

all problems (Clarsen and Bahr, 2014b). This may be a particular issue in gymnastics where previously 

the gymnastics culture has normalised pain and soreness as well as creating a culture of fear for 

reporting injury. 

 

Traditionally, injury surveillance is completed by coaching staff or sports science/medical practitioners 

and relies on compliancy of both the surveyor and athlete (Clarsen and Bahr, 2014b). However, injury 

surveillance can also be conducted through self-reporting. The Oslo Sport Trauma Research Centre 

questionnaire on health problems (OSTRCQ) is a validated and reliable method for self-reporting health 

problems, which has been recently updated (Clarsen et al., 2020, Clarsen et al., 2013, Clarsen et al., 

2014). The OSTRCQ is particularly advantageous as it is able to capture overuse injuries that are 

typically missed using standard surveillance systems, and therefore provides a more accurate 

representation of injury burden (Kenny et al., 2018, Harøy et al., 2017). This is especially useful in 

sports such as gymnastics, where overuse injuries are commonly reported (Hart et al., 2018, Wolf and 

LaBella, 2020). In addition, the OSTRCQ is a validated method for reporting injury where medical 

practitioners are not present. The OSTRCQ does, however, rely on the compliancy of an athlete to 

record all complaints (Clarsen et al., 2013). Furthermore, the interpretation of the OSTRCQ is 

subjective and therefore answers may vary between athletes with the same health problem. The 

OSTRCQ has also been used successfully within a youth population (Leppänen et al., 2019). In a study 

with young, competitive footballers, there was a high compliance towards the OSTRCQ, with the 

guidance of parents (Leppänen et al., 2019). The authors do, however, believe that the interpretation of 

injury by parents may be a limitation (Leppänen et al., 2019). Similarly, compliancy has also been 

reported to be high (93%) in young PE students when using a modified version of the OSTRCQ 

(Sommerfield et al., 2020). The number of studies using the OSTRCQ in a youth population is still 

limited and the reliability of OSTRCQ questions in a youth population is still currently unknown.  

 

Overall, injury surveillance, and therefore the burden of injuries, is largely based on the definition and 

also the method used (Clarsen and Bahr, 2014b). To overcome this limitation, generalised and sport-
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specific consensus statements have been developed to encourage more consistency in injury 

surveillance and allow comparison between sports and studies (Junge et al., 2008, Mountjoy et al., 

2016b, Orchard et al., 2005, Orchard et al., 2016a, Verhagen et al., 2021, Bahr et al., 2020, Heron et 

al., 2020). At present, there is currently no consistent definition or method for reporting injuries in 

gymnastics (Campbell et al., 2019) and consequently the true burden of injuries in gymnastics is not 

fully understood. 

 

2.2.2 Sport injury models 

With the rise in interest around reducing injuries in athletes, a number of models and frameworks have 

been established to understand the potential causes of injury (Windt and Gabbett, 2017, Meeuwisse et 

al., 2007, Bahr and Krosshaug, 2005, Meeuwisse, 1994, Gissane et al., 2001, Kalkhoven et al., 2020) 

and preventative measures to help reduce the risk of an injury (Roe et al., 2017, O’Brien et al., 2018, 

Finch, 2006, Van Mechelen et al., 1992, Fuller and Drawer, 2004). Originally devised by Van Mechelen 

et al. (1992), the 4-step ‘Sequence of Prevention’ model is the most cited amongst the literature (Figure 

2.1). The model outlines the process of identifying the aetiology and mechanisms of injury followed by 

implementing a preventative measure. This model is limited in that the preventative measures formed 

in step C must be based on the aetiology and mechanisms established in step B. This proves to be 

difficult when determining the mechanisms and risk factors of overuse injuries, where the causes tend 

to be multifactorial and evolve over time (Van Tiggelen et al., 2008). 

Figure 2.1  Sequence of Prevention Model Van Mechelen et al. (1992). 
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The ‘Sequence of Prevention Model’ has since evolved, in particular by expanding on the aetiology and 

mechanism of injury during stage B of the ‘Sequence of Prevention’ model (Meeuwisse, 1994, Bahr 

and Krosshaug, 2005, Meeuwisse et al., 2007). The ‘Multifactorial model of athletic injury aetiology’ 

(Meeuwisse, 1994) suggests that both intrinsic and extrinsic risk factors influence the potential for an 

athlete to sustain an injury. For an injury to occur, an athlete must experience an inciting event, whereby 

the athlete’s tissues are unable to tolerate the biomechanical stress placed upon it (Meeuwisse, 1994, 

Windt and Gabbett, 2017). Expanding on the ‘Multifactorial model of athletic injury aetiology’, the 

‘Comprehensive aetiology model’ (Figure 2.2) (Bahr and Krosshaug, 2005) provides a more 

comprehensive description of internal and external risk factors, and factors that may contribute to an 

inciting event (Windt and Gabbett, 2017). Bahr and Krosshaug (2005), emphasised that an in-depth 

description of the inciting event is additionally required to understand the cause of injury and implement 

an appropriate preventative measure. The description of an inciting event should account for events 

leading to the injury situation such as playing situation, player, and opponent behaviour. The 

‘Comprehensive aetiology model’ has previously been used in gymnastics to demonstrate gymnastics 

specific internal and external risk factors of injury, and possible inciting events (Hume et al., 2013). 

Although the risk factors presented in the model remain appropriate, the model itself is outdated. 

 

Figure 2.2 Comprehensive aetiology model (Bahr and Krosshaug, 2005). 
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The previously proposed models are, however, linear in nature with a clear start and end point and so 

does not account for intrinsic risk factors that may change over time. Previous models also do not 

explain what happens after injury i.e., return to play and the dynamic change of susceptibility to injury 

(Gissane et al., 2001). The ‘Cyclical Operational Model’ proposed by Gissane et al. (2001), primarily 

for contact sports, accounts for the continuously changing intrinsic and extrinsic risk factors of sports 

injuries. This model also allows for preventative injury strategies to be applied at different levels and 

recognises that athletes can return to a lower level of sport (Gissane et al., 2001). Combining the 

dynamic aspect of the ‘Cyclical Operational Model’ with the earlier model by Bahr and Krosshaug 

(2005), Meeuwisse et al. (2007) developed the ‘Dynamic, Recursive Model of Aetiology in Sport 

Injury’ (Figure 2.3). The model emphasises at the susceptibility of injury may change regardless of 

whether an injury has occurred, whereby to truly understand the aetiology of a sports injury changes in 

risk factors due to prior exposure in sport needs to be considered (Meeuwisse et al., 2007). Most 

recently, Kalkhoven et al. (2020) have proposed a conceptual model for athletic injury and a detailed 

framework for stress-related, strain-related and overuse injury as a progression of the ‘Comprehensive 

aetiology’ model and ‘Dynamic, Recursive Model of Aetiology in Sport Injury’. The model and 

framework provides a detailed causal pathway for a range of risk factors with the aim of exploring how 

specific risk factors of injury contribute to the causal pathways of injury occurrence (Kalkhoven et al., 

2020). 

 
Figure 2.3 Dynamic, Recursive Model of Aetiology in Sport Injury (Meeuwisse et al., 2007). 
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Whilst the ‘Dynamic, Recursive Model of Aetiology in Sport Injury’ acknowledges that the risk of 

injury continuously changes, it fails to highlight the interactions between different risk factors on injury 

risk (Bittencourt et al., 2016). Sports injury is therefore better represented within a complex system 

approach described by Bittencourt et al. (2016) through the pattern of relationships between 

determinants, risk and protective profiles, and emerging patterns from the web of determinants (Figure 

2.4). Application of this model is thought to better ‘predict injury’ and improve strategies to reduce the 

risk of injury. 

 

Although sports injury models present the aetiology of an injury, they do not focus on injury risk 

management strategies (O’Brien et al., 2018, Finch, 2006, Roe et al., 2017), particularly in an applied 

setting. A 6-stage operational framework devised by Roe et al. (2017) aims to both assist practitioners 

with managing the risk of an injury whilst taking into account factors specific to the athlete and their 

sport. The operational framework firstly highlights the importance of understanding injury trends (stage 

1), injury risk factors (stage 2) and demands of the sport (stage 3). The second half of the framework 

then suggests assessing an athlete’s susceptibility to injury (stage 4), followed by implementing 

interventions to reduce the risk of injury (stage 5) and finally monitoring an athlete’s response to the 

 
Figure 2.4 Complex model for sports injury (Bittencourt et al., 2016). 



 13 

interventions (stage 6). The ‘Team-sport Injury Prevention’ (TIP) cycle model has also been proposed 

by O’Brien et al. (2018) (Figure 2.5), whereby the authors believe that by continually cycling through 

the models three phases, a team’s injury prevention strategy can dynamically evolve. The interventions 

devised through both the operational framework and TIP model are based on common injuries, which 

may lead to ecological fallacy when interpreting group injury data and applying prevention programmes 

to individuals. In general, it is unclear as to whether these prevention models and frameworks are useful 

and applied by practitioners in the ‘real-world’.  

 

 

2.2.3 Epidemiology of injuries in gymnastics 

A recent systematic review of injury surveillance in artistic gymnastics has identified injuries to occur 

between 0.5 and 3.7 injuries per 1000 hours gymnasts in women’s artistic gymnastics and 1.0 injuries 

per 1000 hours in men’s artistic gymnastics (Campbell et al., 2019). Due to the inconsistencies in injury 

definition and methodologies of injury surveillance in artistic gymnastics, previous research has also 

reported the incidence of injury per 1000 gymnasts and per 1000 athlete exposures (Thomas and 

 
Figure 2.5 Team-sport Injury Prevention (TIP) cycle (O’Brien et al., 2018). 
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Thomas, 2019, Campbell et al., 2019, Hart et al., 2018, Kruse et al., 2021, Westermann et al., 2015). 

The variation across studies means that the true burden of injuries in artistic gymnastics is not fully 

understood. Conversely, the reported injury surveillance in trampoline gymnastics is limited, with only 

one study reporting 226 traumatic injuries across a 5 year period (Grapton et al., 2013). 

 

Many injuries in gymnastics have been associated with high impact forces experienced by gymnasts, 

particularly during landings and dismounts (Grapton et al., 2013, Bradshaw and Hume, 2012, Kirialanis 

et al., 2003, Campbell et al., 2019, Burt et al., 2007). In artistic gymnastics, injuries occur most 

commonly during the floor exercise (Campbell et al., 2019, Hart et al., 2018). The most common 

location for an injury to occur amongst Women’s artistic gymnastics is in the lower extremities, 

particularly in the ankle (Campbell et al., 2019, Saluan et al., 2015, Hart et al., 2018, Kolt and Kirkby, 

1999), and is likely due to three of the four apparatus being lower body dominant. Ankle injuries have 

also commonly been reported within Men’s artistic gymnastics (Kruse et al., 2021). However, upper 

body injuries, especially in the shoulders and wrists, are also frequently reported in Men’s artistic 

gymnastics (Hart et al., 2018, Campbell et al., 2019, Goulart et al., 2016). In Trampoline gymnastics, 

Grapton et al. (2013), reported 49.1% of all injuries were located in the lower extremities followed by 

32.3% related to the spine similar to those described by Hammer et al. (1981).  

 

Overuse injuries are commonly reported in gymnastics, particularly amongst young gymnasts (Hart et 

al., 2018, Benjamin et al., 2017, DiFiori, 2006, Wolf and LaBella, 2020). Frequently reported overuse 

injuries amongst young gymnasts include Osgood-Schlatter’s disease, osteochondritis dissecans of the 

capitellum and talus, Gymnast wrist, Sever’s disease and spondylolysis (Hart et al., 2018). Overuse 

injuries in gymnastics have been linked to the repetitive nature of the sport (Hart et al., 2018, Benjamin 

et al., 2017).  

 

2.2.4 Risk factors injury in young gymnasts 

As described earlier through sports injury models, athletes become susceptible to injury through an 

interaction of intrinsic/internal and extrinsic/external risk factors (Meeuwisse, 1994, Bahr and 

Krosshaug, 2005, Meeuwisse et al., 2007).  Extrinsic or external risk factors of injury are those of which 

the athlete is exposed to as part of the sport such as rules, equipment and environment, whereas intrinsic 

or internal risk factors are those related to the athlete themselves such as age, physical fitness and 

psychological factors. Internal risk factors of injury can be further grouped into non-modifiable and 

modifiable risk factors (Caine et al., 2008). Risk factors that are non-modifiable are those individual 

characteristics that cannot typically be changed, including sex, age, growth and maturation (Frisch et 
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al., 2009, Caine et al., 2008). A list of some of the potential risk factors of injury in gymnastics are 

presented in Figure 2.6.  

 

As with other youth athletes participating in organised sport, young gymnasts are at risk of injury. Two 

of these risk factors are growth and maturation, and training load (DiFiori et al., 2014). The risk of 

injury appears to increase with youth athletes experiencing periods of rapid growth (DiFiori et al., 2014, 

Towlson et al., 2020).  Similarly, a sudden increase in training load or ‘spikes’ and high acute loads 

have been associated with an increased risk of injury in youth athletes (Bowen et al., 2017, Watson et 

al., 2017, O'Keeffe et al., 2020, Møller et al., 2017). Rapid growth and inappropriate training loads are 

risk factors of injury that are of particular interest within youth gymnastics, especially as gymnastic 

training loads have been reported around 25-27 hours a week (Burt et al., 2010, Guerra et al., 2016) and 

is repetitive in nature. The following sections of this literature review will discuss growth and 

maturation, and training load, with consideration to these areas as risk factors of injury in young 

gymnasts. 

 

2.3 Growth and maturation 

 

2.3.1 Status, tempo, and timing of maturation in gymnastics 

Biological maturation is the process that marks the progress towards an adult state, varying in status, 

tempo and timing amongst individuals of the same chronological age (Cumming et al., 2017). The status 

of maturation refers to the biological state observed at the time of assessment (e.g., prepubertal, 

pubertal, post pubertal) and can be assessed by skeletal age, secondary sex characteristics, dental 

maturity, or biochemical/hormone assessment (Cumming et al., 2017, Bergeron et al., 2015, Beunen et 

 
Figure 2.6 Previously described risk factors of injury in gymnastics from Hume et al. (2013). 
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al., 2006). The tempo of maturation is defined as the rate of which maturation occurs where the timing 

of maturation is denoted by the chronological age when a specific maturational event occurs, for 

example the age at menarche or the age at peak height velocity (PHV) (Bergeron et al., 2015, Cumming 

et al., 2017). 

 

The timing of maturation in individuals is largely dictated by genetic factors but can be influenced by 

external factors such as nutrition, climate, and disease (Kapczuk, 2017, Wehkalampi et al., 2008, 

Beunen et al., 2006). Within the general population there is notable variance in the timing of maturation 

(Monteilh et al., 2011, Biro et al., 2001), where youth in the same age group can vary biologically by 

up to 6 years in a single age group (Malina et al., 2004). Adolescents can be grouped into early, on-time 

or late maturers depending on the timing of maturation in relation to their chronological age. Within 

the gymnastics population there is an abundance of research regarding the timing of maturation, 

particularly in female artistic gymnasts, which repeatedly reports maturation to be delayed or occur at 

an age later than average (Malina, 2011, Malina et al., 2013, Daly et al., 2005, Theodoropoulou et al., 

2005, Thomis et al., 2005, Georgopoulos et al., 2004, Caine et al., 2003, Lindholm et al., 1994). 

 

In the past, late or delayed maturation of female artistic gymnasts has been attributed with the high 

volume or intensity of training experienced by these gymnasts. These studies, however, have compared 

the timing of maturation in gymnasts to the average timing of maturation in age-matched, population 

adolescents i.e., on-time maturers (Georgopoulos et al., 2004, Lindholm et al., 1994). Conversely, Daly 

et al. (2005), compared moderately versus highly trained competitive female artistic gymnasts and 

found that both groups of gymnasts exhibited an adolescent growth spurt that is similar in tempo and 

timing of other short late-maturing girls. It can therefore be argued that there is a selection bias towards 

late maturers in Women’s artistic gymnastics and could additionally be linked to the selection through 

the sports system itself (Baxter-Jones et al., 2003). Selection bias through the system itself may result 

in earlier maturing gymnasts unintentionally excluded from the sport. Currently, the exact cause is 

currently unknown, but likely to be multifaceted and requires further study. 

 

Female gymnasts may experience a delay in maturation as a result of a negative energy balance 

(Georgopoulos et al., 2004). Because of the aesthetic nature of artistic gymnastics, female gymnasts in 

particular are more favoured with an ecto-mesomorph somatotype (Sterkowicz-Przybycien and Gualdi-

Russo, 2018, Bacciotti et al., 2017), where, in the past, the scoring system has been found to disfavour 

those with high endomorphy and more subcutaneous fat (Claessens et al., 1999). In addition, greater 

stature, body mass and body mass index have previously been found to be negatively associated with 

favourable coaching behaviours (Cumming et al., 2005). It is therefore unsurprising that gymnasts have 

often been found to be energy deficient (Lindholm et al., 1995) in order to maintain this favoured 
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physique. The combination of regular training and inadequate energy intake resulting in a chronic 

negative energy balance, especially in sports that accentuates leanness, may delay maturation in youth 

athletes (Kapczuk, 2017). In the non-athletic population, a similar concept exists where nutritional 

deficiency can contribute to growth and pubertal delay (Soliman et al., 2014, Beunen et al., 2006). 

Weimann et al. (2000), attempted to explore this concept in gymnasts, where a combination of intensive 

training and inadequate energy intake was associated with changes in pubertal development such as 

reduced bone maturation, stunted growth, and no significant increase in pubertal oestradiol levels. Low 

fat mass and therefore levels of leptin have been attributed to the delay in maturation of female gymnasts 

(Weimann, 2002). Conclusions from these studies should be taken with caution due to the cross-

sectional design of the study and measurements used to define training load and biological maturation. 

At present, no study has longitudinally assessed chronic negative energy balance and delayed 

maturation in gymnasts. The timing of maturation amongst male artistic gymnasts is less well 

documented. Male artistic gymnasts are similar to female artistic gymnasts and tend to be late maturers 

(Malina et al., 2013, Baxter-Jones et al., 1995, Baxter-Jones et al., 2003), although similar to female 

artistic gymnasts the exact reason for this bias is unknown. Conversely, compared to female artistic 

gymnasts, there is also less scrutiny regarding male artistic gymnast’s maturation timing and its relation 

to high training loads (Gurd and Klentrou, 2003, Baxter-Jones et al., 1995). To date there is no previous 

research regarding the timing of maturation in trampoline gymnasts. 

 

2.3.2 Methods of measuring biological maturity in gymnastics 

Skeletal maturity 

Biological maturity can be assessed using a range of different biological systems (Beunen et al., 2006). 

One method that biological maturity can be assessed through is skeletal age (SA). SA estimates maturity 

status from the maturity of the wrist and hand bones using a radiograph and can be assessed from 

childhood to late adolescence (Malina et al., 2004) (Figure 2.7). The assessment is based on the uniform 

pattern of bones maturing from initial ossification to the adult state (Malina, 2011). There are three 

methods that can be used to estimate SA from radiographs; Greulich-Pyle (GP), Tanner-Whitehouse 

(TW) and Fels (Malina et al., 2004, Malina et al., 2015).  

 

The GP method is based on radiographs from a sample of children in the Brush Foundation study. These 

children were from families of high socioeconomic status in Cleveland, Ohio, USA. This method of 

skeletal assessment involves comparing a hand-wrist x-ray of a child to an atlas of radiographs. SA is 

then assigned to the hand-wrist x-ray. However, when the GP method is applied clinically the 

radiograph is compared as whole, without considering individual bone differences. This results in the 

exclusion of individual bone variation (Malina et al., 2015, Beunen et al., 2006) and therefore a 

potentially incorrect assessment of SA. There are three versions of the TW method for SA analysis. The 
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first two versions (TW I, TW II) are based on a sample of healthy British children, whereas the third 

version (TW III) is based on samples of children from Britain, Belgian, Italy, Spain, Argentina, USA 

and Japan. The TW method is based on analysis and scoring of individual bones in the hand-wrist 

[radius, ulna, short bones]. The scores for each bone are combined and presented as a maturity score or 

SA. Compared to both GP and Fels method, the TW method fails to account for the delay between onset 

and complete fusion of the distal radius and ulna (Malina et al., 2015, Beunen et al., 2006, Tanner et 

al., 2001, Tanner et al., 1975). The Fels method was established in south-central Ohio, USA from a 

sample of middle-class children in the Fels Longitudinal study. The Fels method incorporates maturity 

indicators and ratios of the epiphyseal and diaphyseal diameters of individual bones (radius, ulna, 

carpals, metacarpals, phalanges). SA and standard error estimates are calculated from chronological 

age, sex, maturity indicators and ratios (Malina et al., 2015, Beunen et al., 2006, Roche et al., 1988). It 

should be noted that analysis of SA would likely differ between each method for the same child. 

  

SA can be combined with mid parent height and/ or current height to predict mature height of a child 

(Tanner et al., 1975, Bergeron et al., 2015). Maturity is classified by comparing the SA with 

chronological age (CA) and can be presented as either the difference between SA and CA or as a ratio 

(Malina et al., 2015, Malina et al., 2004).  

 

Late (delayed): SA younger than CA by >1.0 year 

On time (average): SA within ±1.0 year of CA 

Early (advanced): SA is older than CA by >1.0 year 

(Malina et al., 2004) 

 

Figure 2.7 Skeletal age assessment. Two players with chronological birthdates within 1 week. Player A. has 

a skeletal age of 6.3 years and player B. 12.1 years, using the Fels method of X-ray assessment. (Johnson, 

2015). 
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Limitations of using SA to estimate maturity status include expense, requirement of an expert for 

interpretation and radiation exposure (Malina et al., 2015, Bergeron et al., 2015). However, the amount 

of radiation is small (<0.001 millisievert) and the equivalent of <1.5 days of background radiation 

(Public Health England, 2008). In the literature, SA has been used to estimate the maturity status of 

artistic gymnasts. On average, skeletal maturation amongst highly competitive artistic gymnasts is 

reported to be later or delayed i.e., SA is younger than chronological age (Georgopoulos et al., 2004), 

particularly in female artistic gymnasts (Malina, 2011). To date, no research has been conducted to 

estimate the maturity status of trampoline gymnasts using SA. 

 

Sexual maturity 

Maturity status has frequently been reported within the gymnastics research by using the Tanner scale 

(also known as Tanner stages, Tanner Rating, Tanner Development Stages or Sexual Maturity Rating) 

to identify the development of secondary sex characteristics (breasts, genitalia and pubic hair) during 

puberty (Daly et al., 2005, Gurd and Klentrou, 2003, Theodoropoulou et al., 2005, Baxter-Jones et al., 

1995, Caine et al., 1989). The Tanner scale describes the progression of physical development from 

child to adult based on 5 stages that occur during puberty (Marshall and Tanner, 1970, Marshall and 

Tanner, 1969). Assessment itself is an invasive process (Bergeron et al., 2015, Malina et al., 2015), 

which usually involves a clinician identifying the stage, although self-assessment and parental 

assessment through questionnaires and drawings are now used as an alternative (Figure 2.8) 

(Rasmussen et al., 2015, Taylor et al., 2001). However, because of its subjective nature, when 

classifying stages, there appears to be intra and inter-variability between clinicians as well as 

discrepancies in stages between clinicians, parents and adolescents (Rasmussen et al., 2015, Slough et 

al., 2013, Desmangles et al., 2006). Another limitation of the Tanner scale is that estimates of maturity 

status using this method can only be conducted during puberty and cannot predict the onset, tempo and 

timing of maturation (Bergeron et al., 2015, Malina et al., 2015). Within the gymnastics literature, the 

Tanner scale has been used to predict the maturity status of artistic gymnasts in comparison to other 

athletes or reference groups. Maturation has been identified to occur similar or slightly later compared 

to other athletes or reference groups (Theodoropoulou et al., 2005, Gurd and Klentrou, 2003, Baxter-

Jones et al., 1995). 

 

The age at menarche, the onset of menstruation, can also be used as an indicator of sexual maturity in 

females.  Age at menarche can be assessed using three methods; the status quo, prospectively and 

retrospectively (Malina et al., 2015, Karapanou and Papadimitriou, 2010) through interviews or 

questionnaires (Shaik et al., 2015, Al-Sahab et al., 2010, Morris et al., 2010, Himes et al., 2009). 

Conversely, using age at menarche as an indicator of maturity timing comes with limitations. 

Participants who have already begun menstruation are required to recall the age at which menarche 

occurred retrospectively and therefore, there is an element of recall bias associated with this method 
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(Bergeron et al., 2015, Malina et al., 2015, Karapanou and Papadimitriou, 2010, Koo and Rohan, 1997). 

Age at menarche is also limited because menarche takes place during the latter half of maturation, 

following PHV. In addition, the age at which menarche occurs can be influenced by low energy 

availability and excess body weight (Ackerman and Misra, 2018, de Siqueira Barros et al., 2018, Brown 

et al., 2017). In the UK, the average age at menarche is around 12-14 years (Krzyżanowska et al., 2016, 

Morris et al., 2010). Within the artistic gymnastics population, age at menarche has been previously 

reported between the ages of 13-21 years, the equivalent of on-time or later than average maturation 

(Nose‐Ogura et al., 2018, Malina et al., 2015, Claessens et al., 2006, Daly et al., 2005, Theodoropoulou 

et al., 2005). Delayed menarche, amongst other menstrual dysfunctions, has also been associated with 

low energy availability, particularly those involved in ‘leanness sports’ such as gymnastics (Ackerman 

and Misra, 2018). 

 

Endocrine system and maturity 

Maturity status can be determined by changes in hormone [Luteinizing hormone, oestradiol, 

testosterone, growth hormone, insulin-like growth factor I, gonadotropin-releasing hormone] levels, 

which influence biological processes of maturation (Soliman et al., 2014, Beunen et al., 2006). Defining 

maturity status with this method however requires multiple blood samples to be acquired over a long 

period of time as hormones related to maturation are secreted in a pulsatile fashion. Additionally, 

specialist equipment is required for the collection and analysis of blood samples (Beunen et al., 2006). 

Salivary samples can also be used to collect testosterone and dehydroepiandrosterone (DHEA) levels, 

Figure 2.8 Illustration of Tanner stages (Le and Bhushan, 2020)  

  



 21 

two androgens that enable pubertal development (Shirtcliff et al., 2009). Methods to assess hormonal 

maturity status are therefore invasive. Within the gymnastics literature, changes in hormones have not 

been used to determine maturity status in gymnasts. However, a handful of studies have investigated 

the levels of different hormones related to growth in artistic gymnasts to determine whether the role of 

intense training influences maturation timing (Malina et al., 2013). Overall the findings from these 

studies cannot attribute intensive training to the timing of maturation in gymnasts and can often be 

linked to other factors (Malina et al., 2013). 

 

Somatic maturity 

Timing of maturation can be estimated by identifying and or predicting the chronological age (CA) at 

which a period of rapid growth (PHV) will occur. In females, PHV occurs on average around the age 

of 12 years but can occur between the ages of 9 – 15, whereas in males PHV occurs slightly later around 

the age of 14 years but may occur between the ages of 12 - 15 (Sanders et al., 2017). Anthropometrics 

can be used as a non-invasive way to assess maturity (Malina et al., 2015). One of the most cited 

methods is to calculate the maturity offset. Maturity offset, the prediction of when PHV takes place, 

can be calculated from sex-specific equations encompassing four anthropometric variables (CA, height, 

weight and sitting height) and estimated within ± 1 year.  

 

Boys Maturity Offset = -9.236 + 0.0002708·Leg Length and Sitting Height interaction -

0.001663·Age and Leg Length interaction + 0.007216·Age and Sitting Height interaction + 

0.02292·Weight by Height ratio, where R = 0.94, R2= 0.891, and SEE = 0.592.  
 

Girls Maturity Offset = -9.376 + 0.0001882·Leg Length and Sitting Height interaction + 

0.0022·Age and Leg Length interaction + 0.005841·Age and Sitting Height interaction - 

0.002658·Age and Weight interaction + 0.07693·Weight by Height ratio, where R = 0.94, 

R2= 0.890, and SEE = 0.569.  
(Mirwald et al., 2002) 

 

In prepubescent children, age at PHV (APHV) can be predicted by calculating the difference between 

CA and maturity offset (Mirwald et al., 2002). However, the validity of the maturity offset equation has 

been questioned and appears to only be valid and reliable for those who experience maturity on-time 

and during the growth spurt period (12-15 years). In these validation studies of maturity offset, PHV 

occurs earlier than predicted in early maturing adolescents and later than predicted in late maturing 

adolescents, (Malina et al., 2016, Malina and Kozieł, 2014) proving to be a major limitation in many 

youth athletes, who are often early maturing adolescents. Most recently, Parr et al. (2020) reported 

similar findings whereby the maturity offset method was only able to correctly predict PHV in 65% of 

elite soccer players. This major limitation remains present following modification of the maturity offset 

prediction equation (Kozieł and Malina, 2018, Malina et al., 2020) and subsequently, for example, may 

misinform those using this information to manage training in youth athletes. As many gymnasts tend to 
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be shorter than average and late maturers, the maturity-offset equation will often underestimate the 

APHV in this population (Malina et al., 2006). Predicted APHV using the maturity-offset method has 

rarely been used within previous literature regarding gymnasts (Wild et al., 2016), where any findings 

related to maturity should be interpreted with caution. 

 

Anthropometrics can also be used to predict adult height from a sex-specific equation encompassing 

CA, height, weight and mid-parent height (Khamis-Roche method) with a median error bound of ± 2.2 

cm in males and ± 1.7 in females between the age of 4.0 and 17.5 years (Epstein et al., 1995, Khamis 

and Roche, 1994). Self-reported parent heights can be adjusted for overestimation using equations 

described by Epstein et al. (1995). Maturity status can then be estimated by expressing current height 

as a percentage of predicted adult height (PAH) (Malina et al., 2015, Malina et al., 2005). The pattern 

of growth seems to be the same for both genders during the adolescent growth spurt; PHV seems to 

occur between 85 - 96% of PAH, most commonly at 90 - 92% of PAH (Cumming et al., 2018, Cumming 

et al., 2017, Sanders et al., 2017, Parr et al., 2020). In a recent study, Parr et al. (2020) found that the 

window 85-96% PAH correctly predicted 96% of football players PHV, which suggests this method is 

a reliable tool for predicting PHV. However, more longitudinal studies with larger cohorts are required 

to further validate the Khamis-Roche method as a useful tool for predicting the adolescent growth spurt. 

Maturity timing can also be defined using the Khamis-Roche method by calculating an age and sex-

specific Z-score (Cumming et al., 2018, Malina et al., 2005, Malina et al., 2007, Johnson et al., 2019, 

Myburgh et al., 2019) based on the Berkley Guidance Study of the University of California (Bayer and 

Bayley, 1959).  

 

Late: Z-score below -1.0 

On time: Z-score between -1.0 and +1.0 

Early: Z-score greater +1.0. 

(Malina et al., 2012) 

 

The Khamis-Roche method cannot, however, predict the heights of children with pathological 

conditions or idiopathic short stature (Topor et al., 2010, Epstein et al., 1995) and validity in non-

Caucasian children warrants further research. At present, there is no previous research that has used the 

Khamis-Roche method to assess maturity status and timing within the gymnastics population. However, 

in a review looking at the physiological demands of youth artistic gymnasts, Moeskops et al. (2018) 

suggested using the Khamis-Roche method as a tool to predict the growth spurt in youth gymnasts. 
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2.3.3 Adolescent growth spurt, physical changes, and performance 

One of the major physical changes during puberty is the adolescent growth spurt. The growth spurt is 

triggered by an increase in sex steroid hormones [testosterone, oestradiol] (Soliman et al., 2014). During 

the growth spurt, there is a rapid growth of the limbs, followed by growth of lean and non-lean mass. 

Peak weight velocity tends to occur on average 0.4 and 0.5 years in boys and girls, respectively, 

following PHV, where peak growth of lean mass tends to occur before non-lean mass (Malina et al., 

2004, Iuliano‐Burns et al., 2001, Tanner, 1990). According to the Saskatchewan Paediatric Bone 

Mineral Accrual Study, following PHV, at their peak, healthy adolescent males tend to increase their 

bone mineral content (BMC) by 407g/year, lean mass by an average of 8.8 kg/year and their fat mass 

tends to decrease by an average of 1.9 kg/year. In females, however, BMC increases slightly less by 

around 325g/year and lean mass by an average of 5.2 kg/year but experience less decrease (0.4 kg/year) 

in fat mass (Iuliano‐Burns et al., 2001). Absolute BMC has, however, has been found to increase more 

in gymnasts compare to non-gymnasts following PHV and is likely due to the high impacts and 

mechanical loading associated with gymnastics training (Troy et al., 2018, Jürimäe et al., 2018). 

 

Peak growth of lean mass tends to occur around 3 months to a year after PHV (Iuliano‐Burns et al., 

2001, Guo et al., 1998). The asynchrony between bone and soft tissue growth has been associated with 

the ‘tightness’ that occurs during the growth spurt (Caine et al., 2008). This ‘tightness’ may impact 

flexibility, however, evidence for a temporal change in flexibility during periods of rapid growth still 

remains equivocal (Philippaerts et al., 2006, Alter, 2004, Feldman et al., 1999). An increase in lean 

mass also marks an increase in physical strength, which tends to be greater in males than females 

(Bergeron et al., 2015, Quatman et al., 2006, Tanner, 1990). In particular, the development of strength 

and power of the hamstring muscles, and neuromuscular control of the knee are significantly lower in 

females compared to males following the adolescent growth spurt (Wild et al., 2013, Hewett et al., 

2004).  Conversely, females experience a greater relative increase in fat mass compared to males as a 

consequence of the adolescent growth spurt (Malina et al., 2004), causing a negative impact on their 

power-to-weight ratio. Sex differences throughout the growth spurt exist at an anatomical level as well 

(Shultz et al., 2008, Malina et al., 2004).  For example, females will experience widening of the hips, 

whilst in males the shoulders become broader compared to females (Živičnjak et al., 2008). These sex 

differences seem to also appear mechanically, which are highlighted during landing tasks. Males have 

been shown to increase knee flexion whilst performing vertical landing tasks during the growth spurt 

compared to females (Holden et al., 2018).   

 

Previous literature has also reported mechanical changes during landing tasks between athlete of the 

same sex as a result of the adolescent growth spurt. During horizontal landing tasks, females exhibited 

an increase in hip flexion, a decrease in knee flexion, external knee abduction moments and external 

hip adduction moments throughout the growth spurt (Wild et al., 2016). Another recent study found a 
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significant increase in trunk lateral flexion in post-pubescent adolescent soccer players during unilateral 

landings (Read et al., 2018). Landing technique is an important aspect of gymnastics performance 

(Marinšek, 2010, Farquharson, 2012), particularly as landings are often associated with injuries in 

gymnastics (Campbell et al., 2019). However, the impact of the adolescent growth spurt on landing 

performance in gymnastics has yet to be explored. Rapid changes in limb length, body mass and 

moments of inertia during the growth spurt can also influence coordination and movement patterns of 

performance related tasks (DiFiori et al., 2014). 

 

Some adolescents may experience a temporary decline in motor performance, in particular when 

performing those activities related to sensorimotor mechanisms such as co-ordination, neuromuscular 

control and postural control as a result of rapid growth (Wormhoudt et al., 2017, Caine et al., 2014, 

Quatman-Yates et al., 2012). This may present a challenge to young gymnasts, who must learn to 

control their larger body whilst performing highly complex tasks. Research evidencing this temporary 

decline in motor performance, also referred to as ‘adolescent awkwardness’ is both limited and mixed 

(Quatman-Yates et al., 2012, Van der Kamp, 2015). A small number of studies that have measured 

changes in sensorimotor mechanisms during adolescence. Postural control is a sensorimotor 

mechanism, which contributes to stability and orientation of the body in space (Hurd and Snyder-

Mackler, 2007, Ivanenko and Gurfinkel, 2018). A cross-sectional study of 101 male soccer players, 

competing in the Under-14 and Under-15 age group, found adolescents going through a growth spurt 

experienced deficits in postural control (John et al., 2019). In addition, John et al. (2019), suggested 

these deficits in postural control may be linked to an increased risk of injury. Although adolescent 

awkwardness is commonly accepted in sport (John et al., 2019, Hill et al., 2020), the complexity of 

identifying and measuring awkwardness (Quatman-Yates et al., 2012), alongside a lack of longitudinal 

research and varying methods of measuring maturity, has meant the phenomenon is largely unknown. 

The phenomenon is of particular interest in gymnastics where coaches have attributed gymnasts to 

experience temporary loss or confusion with skills with rapid growth (Patel et al., 2020). Moreover, 

adolescent awkwardness may be a risk factor of injury in young gymnasts. 

 

2.3.4 Adolescent growth spurt and injury risk in gymnastics 

The adolescent growth spurt is considered to be a period where youth athletes are found to be more 

susceptible to injury (DiFiori et al., 2014, Johnson et al., 2019, Towlson et al., 2020, van der Sluis et 

al., 2014, Wik et al., 2020), although longitudinal studies are currently small in number (Swain et al., 

2018). Injuries that occur around this period have been linked with repetitive movements, increased 

muscle tightness, adolescent awkwardness, decreased growth plate strength and, training volume and 

intensity (John et al., 2019, Arnold et al., 2017, DiFiori et al., 2014, Caine et al., 2008, McKay et al., 

2019, Towlson et al., 2020).  
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Bone related injuries have commonly been associated with the adolescent growth spurt and are often 

attributed to the decrease in growth plate strength during rapid growth (Arnold et al., 2017, Caine et al., 

2008, Caine et al., 2014). During the growth spurt, the growth plate, which is responsible for the 

longitudinal growth of bones, are less resistant to forces compared to a matured or a prepubescent 

immature bone (DiFiori et al., 2014). Similarly, bone mineralisation, which occurs during the formation 

of cartilage to bone, lags behind bone growth, making the bones more porous and therefore more 

susceptible to injury (Caine et al., 2006). Within the gymnastics population, one of the most frequently 

reported injuries related to the growth plate is of the wrist, around the distal radial bone (Guerra et al., 

2016, Kox et al., 2018, Hart et al., 2018). Artistic gymnasts are particularly susceptible to injury of the 

distal radial bone due to the repetitive loading and impacts associated with sport, causing widening of 

the growth plate, and subsequently resulting in a fracture. In some cases, if a distal radial epiphysis 

remains untreated, premature closing of the radius physis can occur whilst the ulna continues to grow, 

causing wrist pain in gymnasts (Benjamin et al., 2017). 

 

Other growth plate injuries that are frequently reported amongst young, artistic gymnasts include 

Osgood-Schlatter disease and Sever’s disease (Hart et al., 2018). Similar injuries have also anecdotally 

been described to occur in trampoline gymnasts. These injuries are also consistently reported in other 

youth sports and is a result of repetitive loading causing inflammation of the growth plate 

(Naaktgeboren et al., 2017, Georgieva et al., 2015, Arnold et al., 2017, Caine et al., 2008). In artistic 

gymnastics, back injuries have also been associated with adolescent growth, which include 

Spondylolysis, Spondylolisthesis, Scheuermann’s disease, Spinous process apophysitis and mechanical 

back pain (Hart et al., 2018, Dowdell et al., 2018, Mohriak et al., 2010, Kruse and Lemmen, 2009, 

Fawcett et al., 2020). Aetiology for the majority of these back injuries is repetitive hyperextension, 

rotation and axial loading of the spine (Dowdell et al., 2018, Kruse and Lemmen, 2009). These 

anatomical movements are seen during artistic elements such as walkovers, handsprings, dismount 

landings and twists (Wyatt et al., 2018, Purcell and Micheli, 2009). Although back injuries have been 

anecdotally reported in trampoline gymnastics, literature pertaining to this is scarce (Bolling and Leite, 

2012, Grapton et al., 2013). Trampoline gymnasts are also exposed to repetitive hyperextension, 

rotation and especially high axial loading of the spine as a result of jumping on the trampoline bed. 

However, further research of the aetiology of back injuries specifically in trampoline gymnastics is 

required. Whilst growth related injuries have been associated with the adolescent growth spurt in 

gymnastics, prospective longitudinal studies are needed to further understand this relationship and 

subsequently the adolescent growth spurt as a risk factor of injury in gymnastics.  
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2.4 Training load 

 

2.4.1 Definition and methods of monitoring training load in gymnastics 

The term training load has been defined as the ‘The cumulative amount of stress placed on an individual 

from a single or multiple training sessions (structured or unstructured) over a period of time’ (Soligard 

et al., 2016). More simply, training load has been described as ‘the input variable that coaches or sport 

scientists use to produce a training outcome’ (Coutts et al., 2017). Monitoring training load over a period 

of time can inform coaches/ practitioners and subsequently help make decisions on an athlete’s 

readiness. It can also help inform return to play, efficacy of current training, how an athlete is 

coping/responding to training and assist with planning future training (West et al., 2020a, Bourdon et 

al., 2017, Soligard et al., 2016, Halson, 2014). Training load can be measured using a variety of external 

or internal variables such as global positioning system (GPS), sets and repetitions, rate of perceived 

exertion (RPE), session RPE (sRPE), heart rate variables and biochemical factors (Halson, 2014). 

External measurements of load represent the amount of external work completed by an athlete whereas 

measurements of internal load represent the psychophysiological stress experienced by an athlete in 

response to a given external workload (Impellizzeri et al., 2019). Internal measurements of training load 

can be objective or subjective measures such as heart rate (HR) and rate of perceived exertion (RPE), 

respectively and are recommended as a primary measure when monitoring athlete loads (Impellizzeri 

et al., 2019). Capturing different measures of training load (i.e., external and internal) has been 

recommended as it better represents overall training rather than individual measures alone (Jeffries et 

al., 2017, Weaving et al., 2017, Drew and Finch, 2016, Impellizzeri et al., 2019). 

 

As the stress experienced by the biological system can be physiological, psychological, social or 

mechanical in nature (Bourdon et al., 2017, Halson, 2014), an alternative theoretical framework has 

been proposed (Vanrenterghem et al., 2017). This framework separates load into biomechanical and 

physiological loads first rather than just internal and external load (Figure 2.9). The purpose of 

separating biomechanical and physiological loads is to account for the different rates of adaptations, 

which can be considered when planning future training sessions. The framework does not, however, 

consider the burden of psychological or social loads. Similarly, additional research is also required 

regarding the application of this framework within a range of different sports, as practically collecting 

and implementing training load in this way may not be feasible. 

 

Literature pertaining to monitoring training load in gymnastics is limited, and this may partly be due to 

the complex demands of the sport itself (long duration, different surfaces, different apparatus demands) 

as well as the perceptions of load monitoring from coaches. Previous research exploring training load 

in gymnastics have used a variety of variables to quantify training load (Burt et al., 2010, Sartor et al., 
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2013, GAO et al., 2009a, van der Eb et al., 2013, Trucharte and Grande, 2021, Vain and Kums, 2002). 

Often in artistic gymnastics, training load is quantified by the number of hours (Guerra et al., 2016, 

Theodoropoulou et al., 2005, Gurd and Klentrou, 2003), however, this method may not truly represent 

training load of gymnasts as it fails to account for the intensity of each session. Alternatively, training 

load has been collected in artistic gymnastics by assessing the frequency of elements combined with 

duration on apparatus or session duration (Burt et al., 2010, Vain and Kums, 2002, Sands, 1991). 

Training load has also been modelled in a dose-response model, whereby training load was quantified 

by multiplying the frequency elements by a particular coefficient related to the apparatus considered 

(Sanchez et al., 2013). In addition, a short sequence of elements was multiplied by 1.5, a whole sequence 

of elements was multiped by 3 and, full routines and physical preparation were given an arbitrary score 

of 15 (Sanchez et al., 2013). Caution should be taken with this method, as the weighting factors are 

arbitrary and have not been validated. The aforementioned studies have, however, only captured 

training load through external measures of load, and therefore do not consider individual responses to 

load (Impellizzeri et al., 2019). 

 

Session RPE (sRPE), an internal measure of load, has been used to quantify training load in artistic 

gymnastics (Dumortier et al., 2018, Sartor et al., 2013, Trucharte and Grande, 2021). Session RPE is a 

 

Figure 2.9 Player load monitoring framework outlining the cyclical nature in which physiological and 

biomechanical load leads to adaptation of the biological system as a whole. (Vanrenterghem et al., 2017).  
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non-invasive, inexpensive, and simple way to measure training load, used in both team and individual 

sports (Debien et al., 2020, Akenhead and Nassis, 2016, Clarke et al., 2013, Minganti et al., 2010). 

Originally developed by Foster et al. (2001) sRPE combines duration of a session with RPE (1 to 10 

scale or 1 to 100) to establish a measure of internal training load, a method that is both reliable and 

valid (Haddad et al., 2017, Foster et al., 2021). A sRPE score is limited in that it cannot distinguish 

between different psychophysiological responses such as metabolic, cardiovascular, and neuromuscular 

responses presented during training, which will also vary between different modes of training (McLaren 

et al., 2017). Therefore, an sRPE score could represent an oversimplification of the psychophysiological 

responses to training (Hutchinson and Tenenbaum, 2006). To overcome this limitation of sRPE, 

differential-RPE (dRPE) is an alternative method whereby psychophysiological responses are separated 

into those that elicit either peripheral or central exertions, therefore providing additional information 

compared to a single measure (McLaren et al., 2017, McLaren et al., 2016, Weston et al., 2015). 

However, the application of dRPE in a sporting setting may be challenging and warrants further 

investigation. Most recently, sRPE has been criticised for not accurately representing the non-linearity 

of biological responses to stress, particularly between some modalities of training (Renfree et al., 2021). 

Additional limitations of sRPE include using scales without verbal anchors and dishonest answers 

provided by athletes (Coyne et al., 2018).  Session-RPE has rarely been used in artistic gymnastics 

(Dumortier et al., 2018, Sartor et al., 2013, Trucharte and Grande, 2021). A potential concern for the 

use of sRPE in artistic gymnastics is that a single sRPE value may not be a reliable method to capture 

gymnastics training, particularly as training is often long in duration (3-4 hours) and made of up of 

several components. To overcome this challenge, Trucharte and Grande (2021) collected an RPE value 

for each apparatus/activity. However, further research is required with a larger cohort to understand 

whether this is a suitable method for collecting internal training load in artistic gymnastics. 

 

Compared to artistic gymnastics, monitoring training load in trampoline gymnasts is not as complex, 

as trampolinists only perform on a single apparatus. Unfortunately, there is limited accessible research 

regarding methods of monitoring training load in trampoline gymnasts. van der Eb et al. (2013) 

developed a video system (CoachCockPit) that can monitor and analyse technical sports performances 

such as trampolining. External measures such as the number of jumps per routine, jump height and 

number of routines can be analysed using this tool over a period of time. Unfortunately, this tool is both 

expensive and cannot be easily transported, and therefore becomes an issue for gymnasts training in 

various locations. Although the CoachCockPit can capture numerous, relevant external training load 

variables in trampoline gymnastics, internal measures of load are not captured. Internal measures such 

as sRPE may be a valid and reliable method of quantifying internal training load in trampoline 

gymnastics but requires further exploration. 
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Insightful information on the effect of prescribed training can be extracted from raw training load data. 

Various methods can be used to analyse training load data (Figure 2.10) and can be grouped into 

absolute or relative measures of training load. Absolute measures of training load analyse the total 

amount of load over a period of time, such as daily or cumulative loads whereas relative measures of 

training load analyses load between different time points such as week-to-week changes and acute: 

chronic workload (Drew and Finch, 2016). Although there are various methods that can be used 

individually to analyse training load, multiple methods representing different variables of training load 

may be required to gain a rounded picture of overall training load (Williams et al., 2017a). Previous 

training load research in gymnastics have analysed training through a number of methods including 

training monotony, strain and acute: chronic workload (Burt et al., 2010, Sartor et al., 2013, van der Eb 

et al., 2013, Vain and Kums, 2002, Trucharte and Grande, 2021) and therefore caution should be taken 

when comparing findings.  

 

2.4.2 Training load and its influence on performance 

The training load experienced by an athlete can positively or negatively affect an athlete from a 

physiological and/or psychological perspective, which may influence performance (Gabbett, 2016, 

Bradley et al., 2015, Halson, 2014, Coutts et al., 2007). In order for a training effect to take place, the 

physiological system must experience sufficient overload. Overload can arise from changes to the 

intensity, frequency or duration of training (Gabbett, 2016, Haff and Triplett, 2015, Powers and 

Howley, 2007). As a consequence of overload, adaptations may occur to the neuromuscular, 

cardiovascular, skeletal or metabolic systems (Gabbett, 2016). For a positive physiological adaptation 

and therefore potentially enhanced performance, there must be adequate recovery to accompany the 

short-term decrease in performance capacity as a result of overload (Bompa and Buzzichelli, 2018, 

Figure 2.10 Summary of popular training-load measures (Williams et al., 2017a). 
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Soligard et al., 2016, Meeusen et al., 2013), referred to as functional overreaching. Conversely, if the 

overload is too high and/or recovery is inadequate, athletes will experience non-functional 

overreaching, where training adaptations will decline or not occur and subsequently, performance may 

decrease (Meeusen et al., 2013, Meeusen et al., 2006). Continued excessive loading can lead to 

overtraining syndrome, fatigue and or burnout (Meeusen et al., 2013). On the other hand, if the overload 

is too low and or recovery is in excess, no training adaptations are experienced and performance is 

unaffected by training (Bompa and Buzzichelli, 2018). Monitoring training load can aid in preventing 

athletes from experiencing non-functional overreaching (Coutts et al., 2007). 

 

Training load has been used to model training responses in elite female artistic gymnasts using the 

variable dose-response model (Sanchez et al., 2013). Overload and taper (training load reduction) were 

simulated as a way of optimising training and enhancing performance. Although 81 ± 2.7% of 

performance variance can be explained through this model, external factors such as quality of sleep, 

environment, psychological influences, travel, nutrition may also influence performance (Pyne et al., 

2009). This should be accounted for when using dose-response models to guide training programmes. 

Additionally, the method used to calculate training load included arbitrary weightings, that may not 

represent actual training load and therefore influence model performance. More research is required 

around using the dose-response model in artistic gymnastics, with particular consideration towards the 

training load variable used. At present there is no research regarding the influence of training load on 

trampoline performance. 

 

2.4.3 Training load and its influence on injury risk 

One of the limiting factors of performance is injury and the associated time loss for rehabilitation. 

Therefore, it is in the best interest of coaches, physiotherapists, strength and conditioning coaches or 

similar to reduce the risk of injury occurrence in their athletes. Training load has frequently been 

identified as a risk factor of injury (Eckard et al., 2018, Bourdon et al., 2017, Drew and Finch, 2016, 

Windt et al., 2017). To recognise this risk factor, Windt and Gabbett (2017) proposed an updated injury 

aetiology model based on the Meeuwisse et al. (2007) ‘Dynamic, recursive athletic injury aetiology’ 

model that incorporates the effects of workload (Figure 2.11). In the model, workload is neither an 

inciting event nor an internal or external risk factor, and instead has been described as the ‘vehicle’ 

through which athletes are exposed to external risk factors and inciting events (Windt and Gabbett, 

2017). Workload does nonetheless expose athletes to external risk factors and inciting events, therefore 

increasing the risk of sustaining an injury and influencing internal risk factors (fitness or fatigue). There 

are, however, a number of limitations associated with the workload-injury aetiology model. At present 

many confounding and interacting effects of workload and risk factors are still unknown. In addition, a 

set workload most likely does not contribute to all injuries equally as a result of different tissue 

characteristics, mechanisms and individual risk factors. The model also does not account for the 
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interactions between different risk factors on injury risk (Bittencourt et al., 2016). Workloads may also 

contribute to the risk of injury differently in contact versus non-contact sports, which is not explicitly 

addressed within the model.  

 

High training loads have previously been associated with an increased risk of injury and this may be 

reflected in gymnastics, where gymnasts are often exposed to high training loads (Saluan et al., 2015, 

Kirialanis et al., 2002, Daly et al., 2001). In a review paper, Daly et al. (2001) suggested long training 

practices on a single apparatus and lapses in concentration, as a result of high loads, could be a cause 

of injury in gymnasts. However, high training loads over a chronic period of time can instead act as a 

protective mechanism against injury risk as well as improving the level of fitness (Gabbett, 2016, Hulin 

and Gabbett, 2018, Drew and Finch, 2016), and therefore some injuries experienced by athletes are a 

result of their inability to cope with the demands of training or competition (Eckard et al., 2018, 

Bourdon et al., 2017, Soligard et al., 2016). In a study of 15 artistic gymnastics, quantifying training 

load through the number of gymnastics elements, duration on each apparatus (min) and the number of 

approaches to the apparatus, it was suggested that the gymnasts who experienced injury were unable to 

cope with the immediate demands of training (Vain and Kums, 2002). The authors believed that injuries 

were most related to the intensity of training, as intensity influences muscle stiffness. Changes in lower 

extremity muscle stiffness were subsequently linked to a disturbance in absorption ability of the 

Figure 2.11 The workload-aetiology model (Windt and Gabbett, 2017). 
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vertebral column, therefore resulting in an injury. Further research regarding gymnasts who are unable 

to cope with the demands of training and injury incidence, and its causal pathways may be of interest 

to key stakeholders in order to optimise training and reduce the risk of injury in gymnasts. 

 

It has also been suggested that sudden increases or ‘spikes’ in training load can increase the risk of 

injury (Bourdon et al., 2017, Murray et al., 2017, Drew and Finch, 2016, Gabbett, 2016, Soligard et al., 

2016). Injuries as a result of a spike in training load have been attributed to tissue in the body being 

loaded past its capacity and/or insufficient recovery between training loads (Soligard et al., 2016). 

Injuries may also be related to neural fatigue, however, further research in this area is required. A 

popular method that has been used to identify spikes in training load and its association with injury risk 

is the acute: chronic workload ratio (ACWR) (Bourdon et al., 2017, Drew and Finch, 2016, Gabbett, 

2016, Soligard et al., 2016). The ACWR model is based on the fitness-fatigue model (Banister et al., 

1975), which models the positive (fitness) and negative (fatigue) responses to training ‘impulses’ over 

time. In the ACWR model, training load within a recent block of time (acute load) is compared against 

training load completed over a longer period of time (chronic load) (Bowen et al., 2017, Williams et 

al., 2017a, Gabbett, 2016, Hulin et al., 2016). The ACWR model suggests that injury is less likely to 

occur when the ACWR is between 0.8 - 1.3, often to referred to as the ‘sweet spot’ (Figure 2.12). 

However, if the ACWR exceeds 1.5, i.e., a spike in acute training load compared to chronic training 

 

Figure 2.12 The acute: chronic workload ratio in relation to injury risk (Gabbett, 2016). 
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load, the likelihood of an injury is increased exponentially in the following 7 days (Gabbett, 2016, Hulin 

et al., 2016, Soligard et al., 2016). 

 

Recently, the ACWR has received extensive scrutiny and a number of limitations have been highlighted 

(Wang et al., 2020a, Wang et al., 2020b, Dalen-Lorentsen et al., 2020, Impellizzeri et al., 2020b). 

Concerns have been made regarding the mathematical coupling of the acute and chronic workload 

variables, where the acute load contributes to the chronic load (Lolli et al., 2017). As a result, acute and 

chronic load estimates may possibly be compromised by spurious correlations i.e., ‘one that exists 

between two variables irrespective of any true biological/physiological association between those 

variables’ (Pearson, 1897). The spurious correlation appears to be ~0.50 between acute and chronic 

loads, which suppresses the ACWR (Windt and Gabbett, 2018, Lolli et al., 2017). Additionally, there 

has been scrutiny regarding the normalisation approach whilst calculating ACWR. In a study with 

English Premier League players, a large and inverse within-subject correlation between the ACWR and 

its chronic load denominator was found (Lolli et al., 2018). The authors suggested that it’s possible the 

normalisation process to calculate ACWR adds unnecessary ‘noise’. Limitations also exist with regards 

to the initial load on day 0 when calculating ACWR with an exponentially weighted moving average 

(EWMA), whereby the weight on day 0 may be higher than it should be (Wang et al., 2020b). The 

ACWR also does not account for tapering that often occurs prior to competition (Wang et al., 2020b). 

Numerous limitations have also been raised regarding how the ACWR has been implemented across 

studies (Wang et al., 2020b, Impellizzeri et al., 2020b). Fundamentally, it has been demonstrated that 

the ACWR cannot predict non-contact injury (Fanchini et al., 2018) or prevent injury during a 

randomised controlled trial (Dalen-Lorentsen et al., 2020). Overall, previous studies that have 

investigated the relationship between training load and injury using the ACWR ratio should be 

interpreted with caution. 

 

An alternative method to identify the relationship between spikes in training load and injury risk is 

through week-to-week changes in training load (Williams et al., 2017a). Often, week-to-week changes 

in training load are calculated through absolute values (O'Keeffe et al., 2020), however, absolute 

changes in week-to-week loads fail to account for the decaying effect of load over time. Week-to-week 

changes in load can be better represented when the rate of change in load from one week to another is 

smoothed using an exponentially weighted moving average, termed differential load (Lazarus et al., 

2017). Although only a small number of studies have explored the use of differential load, it has been 

suggested that differential loads may be a more suitable alternative to the ACWR (Coyne et al., 2021, 

Tysoe et al., 2020). The association between spikes in training load and injury risk in both artistic and 

trampoline gymnastics is currently unknown but does warrant further research. 
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2.4.4 Training load and injury risk in youth athletes 

Managing training load in youth athletes is believed to aid the long-term development process of an 

athlete, including reducing time loss associated with injury (Bourdon et al., 2017, Murray, 2017). 

Similar to adult athletes, training load has been associated with injury in youth athletes (Watson et al., 

2017, Møller et al., 2017, Bowen et al., 2017, Murray, 2017, Dennis et al., 2005, Malisoux et al., 2013, 

Towlson et al., 2020). In youth sport, the risk of injury has been associated with high acute loads and 

spikes in training load (Bowen et al., 2017, Møller et al., 2017, Watson et al., 2017, O'Keeffe et al., 

2020). In a study of female youth soccer players (15.5 ± 1.6 years), only high acute load, but not chronic 

load was a predictor of in-season injury (Watson et al., 2017). Similarly, in a study of youth elite 

handball players between the ages of 14-18, shoulder injury rate was nearly twice as high in a week 

following a 60%+ increase in load compared to a small-to-moderate (<20%) and decrease in load 

(Møller et al., 2017). Caution should, however, be taken when inferring results from these studies as 

the ACWR was used to identify the relationship between spikes in training load and injury. Currently, 

the relationship between training load and injury in youth gymnasts has yet to be explored. The 

relationship between training load and injury risk may be of interest to key stakeholder in gymnastics, 

especially as training volume is reportedly high in artistic gymnastics (Guerra et al., 2016, Burt et al., 

2010, Trucharte and Grande, 2021) and subsequently warrants further investigation.  

 

It has been suggested that the interactions between training load and biological maturity status and 

timing may influence injury risk in youth athletes (McKay et al., 2019, Towlson et al., 2020, Salter et 

al., 2021a). Further research in this area is, however, required. From an applied perspective, the current 

consensus with regards to overuse injuries and burnout in youth sport is that participation time and 

sport-specific repetitive movements should be limited (DiFiori et al., 2014). Load should also be 

monitored and individualised, particularly during the growth spurt (DiFiori et al., 2014). More recently, 

through proposed models, training load recommendations have been made for specialised youth 

athletes, such as gymnasts (Jayanthi et al., 2021). Those athletes who are skeletally mature and/ or have 

previous exposure to intense, high loads may be able to tolerate increasing loads and are able to benefit 

from training more than their recommended weekly training hours (Jayanthi et al., 2021). However, 

those who are skeletally immature and or/ have not been exposed to high, intense loads should limit the 

total number of weekly training hours to no more than a child’s age and have smaller increases in load 

to reduce the risk of injury (Jayanthi et al., 2021). These recommendations may not necessarily be 

feasible or welcomed in a gymnastics population, where typically a high volume of repetitive training 

takes place throughout youth, especially in artistic gymnastics (Guerra et al., 2016, Burt et al., 2010, 

Trucharte and Grande, 2021). 
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2.4.5 Can training be modified to reduce the risk of injury in youth athletes experiencing the adolescent 

growth spurt? 

To date very little is known regarding training and training load specifically around the growth spurt, 

especially as a means of reducing injury risk. At present, only one study has investigated the 

modification of training load to reduce the risk of a growth-related injury. In highly-trained squash 

players, based on pain levels, training load was adapted for identified athletes ‘at risk’ of Osgood-

Schlatter’s disease (Horobeanu et al., 2017). In this study, it is believed that changing the training 

intensity, volume or content resulted in fewer days lost due to Osgood-Schlatter’s disease (Horobeanu 

et al., 2017). It is, however, unclear as to what extent training or training load should be adjusted and 

whether it varies for each individual.  

 

Within the literature, some suggestions have been made with regard to modifications of training load 

and training content to reduce the risk of injury in youth athletes experiencing rapid growth. In football, 

it has been recommended that training is not scheduled on consecutive days, player readiness is 

monitored and allowance for more recovery time in between training and matches (Towlson et al., 

2020). It has also been suggested that training is modified for those flagged as ‘at risk’, with some focus 

on mobility and movement competency (Towlson et al., 2020). More recently, Salter et al. (2021b) also 

recommended grouping players of similar growth spurt status and reducing the amount of repetitive, 

mechanical stress to reduce the risk of injury in youth athletes experiencing rapid growth. Mechanical 

stress should not, however, be completely eliminated as the stress elicited through exercise is important 

for developing BMC, bone mineral density and therefore bone strength, particularly during growth 

(Levine, 2012). 

 

Integrative neuromuscular training, which includes fundamental movements, dynamic stability, core 

strength exercises and plyometrics, has also been suggested in order to reduce the risk of injury in youth 

athletes experiencing rapid growth (Myer et al., 2011b, Wormhoudt et al., 2017). Specifically, it has 

been recommended that integrative neuromuscular training is initiated before the growth spurt to reduce 

the differences between musculoskeletal growth and neuromuscular adaptation during maturation that 

may consequently lead to an increased risk of injury (Myer et al., 2011b). Although anecdotally 

suggestions have been made, longitudinal, intervention studies are required to understand whether and 

how, training and or training load can be modified during the growth spurt to reduce the risk of injuries 

during this time. 

 

A number of these recommended strategies for reducing the risk of injury in youth athletes experiencing 

the adolescent growth spurt could be translated into a gymnastics environment, whilst accounting for 

the challenges of the sport. These include modifying training for gymnasts in the growth spurt, 

particularly those reporting pain, monitoring athlete readiness, and incorporating neuromuscular 
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training to encourage movement proficiency. In addition, as gymnastics is a highly technical sport, 

spending time on basic skills could be recommended to reduce the risk of injuries as a consequence of 

the physical changes experienced during rapid growth. Mechanical stress may also be reduced by using 

softer surfaces for landings. Intervention studies are, however, needed to understand whether training 

and or training content can be modified in order to reduce the risk of injury in gymnasts experiencing 

the adolescent growth spurt. 

 

2.4.6 Rationale for research 

The review of the literature highlights growth and maturation, and training load as two major risk factors 

of injury in organised youth sport. As a whole, there seems to be paucity of information around growth 

and maturation, and training load as risk factors of injury in youth gymnastics. It is well-established 

that growth-related injuries exist in artistic gymnastics, however, research pertaining to injury in 

trampoline gymnastics is limited. As gymnasts tend to train throughout childhood and adolescence, a 

further understanding of the relationship between the adolescent growth spurt and injury risk in 

gymnastics is warranted. With respect to training load, there appears to be limited knowledge and 

research in gymnastics. This includes both monitoring practices and how training load influences 

performance and injury risk in gymnastics. The literature exploring the interaction between biological 

maturation and training load is new and the interest in this area is growing. Interactions between these 

risk factors of injury are particularly of interest to stakeholders in gymnastics, where training load is 

reportedly high during key developmental periods such as the adolescent growth spurt but is also a 

modifiable risk factor. Further research in these areas will guide future practices and ultimately reduce 

the risk of injury in gymnastics. 
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CHAPTER THREE 

Coach awareness, knowledge and practice in relation to growth and 

maturation, and training load in competitive young gymnasts 
 

 

3.1 Introduction 

 

A number of ‘Academies’ and ‘Performance Pathway’ systems now exist in both professional and 

Olympic sport. Through expert coaching and resources, these systems intend to develop talented youth 

athletes into senior elite athletes. There are, however, concerns over the injury risk associated with 

youth athletes (Bergeron et al., 2015, DiFiori et al., 2014). 

 

Growth and maturation and training load have been recognised as two risk factors of injury in youth 

athletes. The adolescent growth spurt has been identified as a time when youth athletes are at an 

increased risk of injury (Arnold et al., 2017, Johnson et al., 2019, Caine et al., 2008, DiFiori et al., 2014, 

Towlson et al., 2020).  During the adolescent growth spurt, the growth plates become more fragile and 

less resistant to forces (Alexander, 1976, Faulkner et al., 2006, Caine et al., 2006). Additionally, the 

development of muscle and bone occurs asynchronously leading to an imbalance between growth and 

strength (Iuliano‐Burns et al., 2001). Coupled with repetitive loading through training, these changes 

during the adolescent growth spurt may increase the risk of injury. It has also been suggested that the 

development of sensorimotor mechanisms combined with rapid growth may contribute to changes in 

motor performance and therefore increase injury risk (Quatman-Yates et al., 2012). However, the 

research associating the development of sensorimotor mechanisms during the adolescent growth spurt 

and injury risk is currently limited (Quatman-Yates et al., 2012).  Similarly, high training loads and 

sudden increases in training loads have been linked to an increased risk of injuries in youth athletes 

(DiFiori et al., 2014, Møller et al., 2017, O'Keeffe et al., 2020). Such risks are of particular concern in 

gymnastics, where the volume of training is evidently high (Burt et al., 2010, Guerra et al., 2016), and 

a number of acute and overuse injuries have been reported. The most common injuries reported in 

young gymnasts include, ankle sprains, gymnast’s wrist, Osgood-Schlatter’s disease and spondylosis 

(Guerra et al., 2016, Saluan et al., 2015, Hammer et al., 1981, Mohriak et al., 2010, Kolt and Kirkby, 

1999, Hart et al., 2018).  

 

Little is known regarding coaches’ current knowledge and understanding of the adolescent growth spurt 

and training load, and whether these risk factors for injury influence coaching practice in gymnastics. 

Understanding current knowledge and practice in relation to growth and maturation, and training load 

will help identify areas required to further develop and support coaching practices. Previous studies 

have explored coaching practice and behaviour through qualitative methods (Sarmento et al., 2014, 
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Gentry et al., 2013, Cote and Sedgwick, 2003, Coté et al., 1995) as these methods allow for a more in 

depth understanding of the phenomena (Green and Thorogood, 2018). Qualitative methods are 

advantageous as coaching practices cannot be easily quantified. Additionally, the exploratory nature of 

qualitative research is particularly beneficial for this study, where little research exists (Creswel, 2009). 

With this in mind, the aim of the investigation was to understand current coach awareness, knowledge 

and practice in relation to growth and maturation, and training load in competitive, young gymnasts. 

This study will establish areas for future research and education required by coaches to aid coaching 

practices in competitive, young gymnasts. 

 

3.2 Methods 
 

3.2.1 Study design 

A qualitative research design using an interpretivism approach (Saunders et al., 2009, Gratton and 

Jones, 2014) by means of interviews was chosen for this study. An interpretivism approach was used 

to capture experiences and practices that are not quantifiable (Gratton and Jones, 2014). Interviews 

through focus groups were used to gain a ‘richer’ understanding of the current knowledge and practice 

of coaches in relation to the topic areas. The Consolidated Criteria for Reporting Qualitative Research 

(Tong et al., 2007) was used to demonstrate credibility of the study (Appendix 1). 

 

3.2.2 Research team 

The focus groups were conducted by a single moderator (T.S.Patel, MSc, CSCS, ASCC, PhD 

Candidate, Female) with no personal experience in gymnastics. Prior to data collection, the moderator 

had been embedded into the National Governing Body for approximately six months. The moderator 

had received focus group training (Conducting Focus Groups, Social Research Association) and 

completed a pilot focus group prior to the study. No relationships were established between the 

moderator and coaches with the exception of the National coaches (n=6) who were already acquainted 

with the moderator. All other coaches were only aware of the PhD candidate role held by the moderator 

at the National Governing Body. The wider research team were aware that the participants’ knowledge 

of the moderator’s role within the National Governing Body may influence the findings in this study. 

 

3.2.3 Participants 

A purposive sample of coaches, who at the time were directly involved with competitive, young 

gymnasts (age 9-16) on the British Gymnastics pathway programme (Foundation, Development, Junior 

or equivalent) for Men’s artistic gymnastics (MAG), Women’s artistic gymnastics (WAG) and 

Trampoline gymnastics (TRA), were selected to take part. A total of 70 eligible coaches were invited 

to take part via email invitation from the Head National Coach of each discipline. Two coaches openly 
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declined to participate due to time constraints. Forty-four (28 Male; 16 Female) coaches (11 MAG, 15 

WAG, 18 TRA), from different clubs across the country, with varying degrees of employment status (6 

National Coaches, 4 Sub-contracted National Coaches, 3 Home Nation Coaches, 31 Club Coaches) and 

experience took part in the study. All coaches had a minimum of a level 2 coaching qualification in 

gymnastics. Coaches were provided with a participant information sheet and completed a written 

consent form to participate in the study, approved by the University of Bath Research Ethics Approval 

Committee for Health [Reference: EP 17/18 214]. 

 

3.2.4 Focus groups 

Coaches participated in a single, discipline specific focus group session. Focus groups were chosen as 

a means of giving coaches a ‘voice’ to discuss their experiences and knowledge relevant to the topics 

and also highlighted the similarities and differences in understanding (Liamputtong, 2011). 

Additionally, focus groups were preferred to account for coaches who may find one-on-one interactions 

uncomfortable (Liamputtong, 2011) and allowed for a greater number of coaches to be interviewed. 

Eight focus groups were conducted in total (2 MAG, 3 WAG, 3 TRA) each with a minimum of 4 

coaches and a maximum of 7 coaches. Only the moderator and coaches were present during the focus 

groups. All focus groups took place at the National Performance Centre (Lilleshall National Sports 

Centre, UK) between the middle of October 2018 and the end of January 2019. Focus groups were 

organised in accordance with each coach’s position within British Gymnastics’ pathway programme 

(i.e. personal coaches were separated from national coaches) to encourage honesty and openness 

amongst all coaches. Focus groups were recorded on two audio recorders (H1n, Zoom, UK). 

 

Consistent with the approach of Cumming and colleagues (2018), both written and verbal methods were 

used in the focus groups. At the beginning of each focus group, each coach was provided with a pen 

and pad of sticky notes and instructed to write on separate sticky notes “3 things which come to mind 

when thinking about growth and maturation in gymnasts”. Coaches were next instructed to work as a 

group to cluster their thoughts into themes. The total duration of the task was ~5min. The moderator 

then asked the groups to explain each theme. The purpose of the task was to stimulate discussion, focus 

attention onto the main topics and aid transition to the main interview section of the focus group 

(Colucci, 2007). Conversation from the group activity led into the main interview section of the focus 

group. The main interview section was semi-structured in design and constructed from both the 

literature and observations of the moderator. The topic guide covered the awareness, experience and 

practice of coaches in relation to growth and maturation, training load and injury in competitive 

gymnasts (Appendix 2), which had been piloted with physiotherapists working in gymnastics prior to 

data collection. The semi-structured design allowed for flexibility of the questioning schedule and 

opportunity to explore additional topics not included in the original questioning schedule.  
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3.2.5 Analysis 

Focus groups ranged between 65 and 114 min in length (mean = 81 min). No additional field notes were 

made during or immediately following focus groups. The data from the focus groups were 

professionally transcribed verbatim using an external company (TypeItWrite UK Ltd, UK) for analysis 

purposes. Any identifiable names were anonymised and replaced with pseudonyms. Transcripts were 

not returned to coaches to minimise any additional burden. 

 

Transcribed focus groups were analysed manually by the moderator in Microsoft Excel (Microsoft 

Excel for Mac, Version 16.21, Microsoft 2018) using an inductive thematic analysis approach. The 

procedure used was similar to the one described by Braun and Clarke (Braun and Clarke, 2006). 

Following the transcription of all focus groups, the moderator familiarised themselves with the data by 

rereading the transcripts. Data was then initially coded through open coding, where some excerpts of 

data were coded with multiple codes. Codes with similar concepts were subsequently grouped together. 

These groups formed themes and sub-themes. Themes and sub-themes were reviewed, defined and 

named. The data was then collated into disciplines (MAG, WAG, TRA) to better understand the current 

awareness, knowledge and practice from each discipline.  

 

3.2.6 Reflexivity 

Discipline-specific interpreted findings were presented to all available coaches (participants and non-

participants) through workshops during national camps. During the workshops, coaches were given the 

opportunity to clarify and further discuss the findings for their discipline.  This process was used as a 

form of synthesised member checking (Harvey, 2015) to enhance trustworthiness of the interpreted 

data. 

 

3.3 Findings 

 

Seven core themes and seven sub-themes were identified through inductive thematic analysis using the 

focus group topics as an initial guidance. Definitions of core themes and a list of sub-themes are 

presented in Table 3.1. Overall, the majority of findings were similar across the three gymnastics 

disciplines. Further supporting quotes are presented in Appendix 3.  

 

3.3.1 Physical changes during growth & maturation 

Coaches identified a number of physical changes that occurred in gymnasts during puberty. These 

changes included rapid growth in stature and mass, a change in centre of mass position, and changes in 

body composition. Coaches also described functional capacity changes where strength, power-to-

weight ratio and flexibility all changed.  
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Table 3.1 List of core themes, associated sub-theme(s) and core theme definitions 

 

 ‘We've got big changes, physical changes, change of centre of mass, growth spurt, body weight so all the 

physicals together and the range really with those is there are large changes, growth spurts, quick changes and 

some gains, physical mass, which obviously affects the biomechanics of what they're doing, as well as it being a 

positive thing and gaining strength.’ (MAG Coach 1) 

 

These changes were predominantly seen to have more impact on the performance of female gymnasts. 

 

‘Because I tend to find, personally, that females sometimes have more… it tends to impact them a bit more. When 

they are going through puberty, and I see, like, for example, more of a shift in the alignment in their hips and so 

on...’ ‘...Because I tend to find foot alignment a lot worse in females than males...’ (TRA Coach 15) 

 

3.3.2 Temporary skill loss/confusion in youth gymnasts 

One of the main challenges identified by coaches in all disciplines was the temporary loss/ confusion 

of gymnastics skills associated with periods of rapid growth. Coaches explained that gymnasts were 

unable to perform some of the skills that they were previously able to do as a result of their bodies 

changing. Changes in timing of the skill, coordination, body awareness, centre of mass and rotation 

were all factors that coaches associated with temporary skill loss/confusion. 

 

‘Levers get longer. Kids can talk about losing skills. They need to learn the new perception of the limb lengths.’ 

(MAG Coach 6) 

 

‘... But [pause] they are suddenly having a hard time holding a shape, for example. If they grow in height, then 

it’s very hard to hold a shape that they are used to conditioning at a certain height, even if it’s one or two 

Theme Definition 

Physical changes during growth and maturation 
Physical changes during growth and maturation that have 

been identified by coaches. 

Temporary skill loss/confusion in youth 
gymnasts 

Temporary changes in gymnastic skills as a result of 
growth and maturation. 

Psychological challenges in pubertal gymnasts 
Challenges faced by coaches in regard to psychological 

changes in youth gymnasts during growth and maturation 

Injuries in youth gymnasts 
SUB-THEMES: Injury causes, Injury types, 

Injury prevention  

Injuries and reducing the risk of injuries in youth 

gymnasts 

Training load in youth gymnasts 
SUB-THEMES: Planned training, Adapting 

training, Monitoring training 

Training and monitoring practices in youth gymnasts 

Monitoring growth and maturity in gymnasts 
SUB-THEME: Weight monitoring 

Methods used to monitor growth and maturity in gymnasts 

Gymnastics specific medical and scientific 

knowledge and support 

 

The knowledge and support from sports science and 

medicine practitioners with regard to growth and 

maturation, training load and injury 
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centimetres, especially with the bars. Even if it’s… from a handstand, the full down, holding their shape in a dish 

shape, they suddenly are sticking their bum out and they don’t understand why can’t hold a plank hold. But that’s 

to do with their changing body.’ (WAG Coach 12) 

 

Coaches from all disciplines emphasised the need to help gymnasts understand the reasons why they 

are experiencing skill loss/confusion. 

 

‘When it's been a frustration thing, I think just positive re-enforcement and making sure they understand why it's 

happening, so going back to making sure that they know it's because they're growing. Just having that 

conversation that things might feel different, but it doesn't necessarily mean that you can't do the skill, or you 

might see something slightly different or you might land slightly different, it doesn't mean that the skill has totally 

changed. It's just a slightly different feeling. So, maintaining them strong, keeping them strong mentally more 

than anything through it.’ (TRA Coach 1) 

 

3.3.3 Psychological challenges in pubertal gymnasts 

Coaches from all disciplines expressed the psychological related challenges they had experienced with 

pubescent gymnasts. Coaches described gymnasts as experiencing more emotions such as crying, 

frustration, bad moods and a decrease in confidence. An increase in these emotions were attributed to 

gymnast’s hormones, injuries, loss of skills and gymnasts not understanding the changes happening 

with their body. During this time, coaches also described their gymnasts often displayed a lack of 

motivation and focus. Some coaches found their gymnasts were not compliant with instructions during 

this period of time. Two coaches linked these changes in behaviour, attitude and moods to dropout. 

 

‘So, I've had Sammie for example, really good, progressing really well, had a quite quick rapid growth. She grew, 

I can't remember how much but it was quite a lot in a short amount of time. In the weeks following that or during 

that stage, her motivation, to me it looked like she didn't want to be there. To her, I don't think it was that, she 

was getting frustrated with everything. She couldn't do what she used to be able to do because of her body shape 

changes and the amount of hours she was doing, just because we were having to repeat or go back, made her feel 

negative...’ (TRA Coach 2) 

 

3.3.4 Injury in youth gymnasts 

Injury causes 

In all disciplines, rapid growth was perceived as one of the main causes of injury in young gymnasts.  

 

‘Because, obviously, if they are going through their growth spurt, that’s when they are more prone to injury due 

to their bones and stuff like that.’ (TRA Coach 11) 
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‘Yeah, it's just basically they're growing more frequent injuries because landings and stuff, the muscle's growing 

away from the bone…(MAG Coach 10) 

 

Artistic coaches (MAG and WAG) also associated injuries with an increase in the number of skills or 

routines, an increase in the difficulty of skills and skill loss. Additionally, twisting and landing elements 

of skills were suggested as causes of injuries.   

 

‘I think it's from twisting combinations on the floor. That's where I think mine came from, taking off like this.’ 

(MAG Coach 8) 

 

A few TRA and WAG coaches linked injuries to not being physically prepared and additional body 

weight. Other causes of injuries highlighted by individual coaches included high training loads during 

periods of rapid growth, overload and spikes in training, repetition of similar movement patterns, lack 

of concentration and communication from gymnasts, and coaches pushing too hard. 

 

Injury types 

Growth related injuries including Osgood-Schlatter’s disease and Sever’s disease were commonly 

named by coaches in all three disciplines. Osteochondritis dissecans of the elbow was frequently 

mentioned as a common injury by artistic coaches. Coaches from all disciplines reported stress fractures 

of the back in their gymnasts. Additionally, MAG coaches identified stress fractures of the wrist. 

 

‘It's just like the period of time where you're at risk of overloading the body and you get stress fractures and stuff, 

especially shin splints and the stress factors in your back, Osgood-Schlatter disease and ankle and knee, hip, joint 

problems.’ (TRA Coach 3) 

 

Each discipline also identified injuries specific to their sport. Shoulder injuries were frequently 

mentioned in MAG gymnasts, whilst TRA coaches reported hip, knee, shin and ankle problems in their 

gymnasts. Many WAG coaches also reported hamstring injuries. 

 

Injury prevention  

Coaches from all disciplines described methods used to reduce the risk of injury. MAG coaches spoke 

about a proactive approach towards injury i.e., using prehabilitation exercises or reducing training load. 

A few MAG coaches suggested this could be applicable to those gymnasts experiencing growth. 

Individual MAG coaches also prevented injury by lowering repetitions of more difficult skills, avoiding 

too much impact and using pain as an early indicator of injury.  

 

‘You know, you can-- if you're doing like 1,000 circles in a session on Pommel, you might say, let's just do 500 

and save your wrists a little bit. I think it can be used as proactive.’ (MAG Coach 6) 
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Many of the TRA coaches reduced training volume during the growth spurt in order to reduce the risk 

of injury. A few WAG coaches described solutions for reducing injury risk during rapid growth 

including prehabilitation during the growth spurt, reducing load before rapid growth, communicating 

with gymnasts and training harder skills in safer scenarios. 

 

‘Yes, injuries. I guess when they're growing, they're more susceptible to injuries. I guess it's our job to try and 

reduce that risk and like Missy said, try and pre-empt it and take the load off before so they can go through it as 

easily as possible.’ (WAG Coach 7) 

 

3.3.5 Training load in youth gymnasts 

Planned training 

In all disciplines, training comprised of apparatus work, and physical preparation, which includes, 

strength work, conditioning, prehabilitation and flexibility. Artistic gymnastics training also involved 

aspects of ballet and or choreography. Artistic coaches emphasised that a high volume of training was 

necessary to meet the performance requirements of the sport. The volume of training reported by 

coaches varied for gymnasts at similar levels in all disciplines, but particularly in the artistic disciplines. 

For example, MAG gymnasts on the Development programme were reported to be training between 18 

and 30 hours a week.  

 

(A) ‘My boys do between 30 and 32, 33 hours a week.’ 

(B) ‘I'm about 10-- I'm about 10 hours less than that. So it's 22 hours for my elite kids. The boys that are in the 

elite performance squad do 20, 22 hours.’ (MAG Coaches 8 & 9) 

 

The majority of coaches from all disciplines planned training towards competitions, where some 

coaches planned training more in advance than others. Many of the coaches described that the intensity 

of training would increase towards a competition and then taper off just before a competition. This was 

typically done by increasing the number of routines performed in a session and then reducing the 

number of routines performed just before competition. 

 

‘Well, obviously, say two months before competitions, you normally start to introduce routines or half routines. 

And then it builds up the numbers. And then obviously you start to water it down number-wise. So, the week before 

you might only ask for one or two routines, whereas two- or three-weeks prior would have been five, six depending 

on’ (WAG Coach 1)  

 

Adapting training 

Training was adapted by many TRA and some WAG coaches during periods of rapid growth. 

Specifically, training was adapted by reducing training load, spending more time doing physical 
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preparation, going back to basic skills and changing the surface for landings with the aim of reducing 

the risk of injury.  

 

‘...so, identifying, when they are in those, kind of, growth changes and maturation, that loading or planning needs 

to be, kind of, individualised and changed to ensure the avoidance of injuries, so a link-in to that.’ (TRA Coach 

14) 

 

‘I guess tying back to these things, the tracking, so knowing when they're in growth and then adjusting if you need 

to adjust, maintaining a good relationship when they're going through the difficult time.’ (WAG Coach 10) 

 

Across all disciplines, training was also adapted when a gymnast was injured or returning to play, during 

holidays, following a break and as a result of external stressors such as exams and personal stressors.  

 

Monitoring training 

The majority of artistic coaches did not monitor training load. Conversely, the majority of TRA coaches 

monitored external training loads through diaries. A popular method of monitoring training is through 

the number of contacts a gymnast makes with the bed. A few TRA coaches additionally monitored the 

duration of training and the time of flight on the trampoline. 

 

‘So, I've started recording the number of contacts in every session for each of the kids that I coach. So, we record 

the number of contacts and the length of the session so then I've got total volume of work they've done, and they 

can divide that by the time that they're on the trampoline. So, you can see is its high intensity where you've got 

lots of stuff done in a short amount of time or was it more stretched out. But that's only recently I've started 

recording stuff to that level of detail.’ (TRA Coach 4) 

 

‘I think if we write things that have programmes, the adaptations are shown on the programme. But I don't record 

it.’  (WAG Coach 1) 

 

3.3.6 Monitoring growth & maturity in youth gymnasts 

Monitoring growth and maturity in gymnasts varied amongst each discipline. During workshop 

discussion sessions, two MAG coaches explained how they monitored growth using stature and mass. 

In comparison, many of the TRA coaches monitored growth through regular measurements of stature 

and mass.  

 

‘I am starting to get more on measuring height and weight more frequently to make sure that I'm keeping a track 

and I put it into a scatter graph. So, the top ten gymnasts I coach that are (on squad), I track them, and I do that 

every fortnight, just track to make sure and see what's going on. Obviously, I can identify when they go through 

growth spurts, when they're staying the same and what I can do.’ (TRA Coach 3) 
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Other methods of identifying changes in growth and maturity described by individual TRA coaches 

included shoe size, increases in aches and pains and through visual identification. In WAG, a number 

of coaches monitored growth through regular measurements of stature, with only a couple measuring 

mass alongside. Additional methods used by individual WAG coaches to identify changes in growth 

and maturity included menarche, changes in demeanour and visual identification. The coaches that 

monitored growth by measuring height and/or mass took measurements, on average, once a month. 

 

Often when we come up here and someone will say, "She's grown," and you can see it when you see them maybe 

every couple of months a lot more easily than when you're looking at them every day.’ (WAG Coach 10) 

 

Weight monitoring 

Across all three disciplines, the majority of coaches viewed weighing gymnasts in a negative manner. 

Coaches felt that weight monitoring was a sensitive subject and associated it with eating disorders. In 

particular it was highlighted by some trampoline coaches that female gymnasts reacted noticeably more 

to monitoring weight. A couple of coaches emphasised the need for weight monitoring to protect and 

keep gymnasts safe. 

 

‘Yeah. So I don't-- I don't really completely agree with the weighing stuff. And I think it's not good for their brains 

as well. And the skin fold thing, as well’ (MAG Coach 8) 

 

‘Psychological. We used to. But the other psychological of it. And we had quite a big group of teenagers. And as 

you said, they were a group. And we tried not to make it a big thing so that they felt comfortable. And then they 

come running in and be like, oh, I need to go to the toilet. I've got to go to the toilet. I can't be weighed without 

going to the toilet…’(WAG Coach 2) 

 

3.3.7 Gymnastics specific scientific and medical knowledge and support 

Coaches from all three disciplines discussed the additional scientific and medical support in relation to 

gymnastics. Scientific and medical practitioners were recognised for providing advice and support in 

regard to managing and reducing the risk of injuries. 

 

‘If they get an injury, go to physio. They have a better knowledge. They helped me in that sense and said, "This is 

why he's growing. Keep measurements, keep strength testing," which is always a good thing to do because we 

basically cover...’ (MAG Coach 2) 

 

‘Lenka, sometimes she's finished in an hour and then she does some stability work the physio has given her to 

help with the way her body is growing. There is always other stuff he can find for them to do.’ (TRA Coach 4) 
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Coaches from all disciplines requested further education on supporting a gymnast during puberty. This 

included reducing injury risk during the growth spurt and what a training programme should look like 

during the growth spurt. 

 

‘I think that's probably, if I'm honest, an area that I need more guidance on. I know they're all different but more 

of a base number of how many and when, you know they're coming to it and through it. Obviously afterwards it's 

fine because you know they have to build it up again but it's the actual doing enough to keep them up there but 

not too much that you're hindering, or they might get an injury.’ (WAG Coach 7) 

 

3.4 Discussion 

 

Aligned with the current growth and maturity literature, coaches identified key physical changes during 

puberty such as an increase in stature and body mass, and changes in body composition  (Beunen et al., 

2006).  In addition, coaches highlighted how these physical changes, alongside functional changes, 

contributed towards changes in performance. In particular, coaches agreed that this was a period where 

gymnasts temporarily ‘lost’ or became confused whilst performing skills that they were once able to 

perform. A temporary disruption in motor skills, often referred to as ‘adolescent awkwardness’, has 

also been noted in soccer (John et al., 2019, Philippaerts et al., 2006). Although the exact cause of this 

phenomenon is unclear,  it is likely associated with the development of sensorimotor mechanisms or 

temporary disruption of sensorimotor mechanisms during rapid growth (Quatman-Yates et al., 2012). 

In trampolining specifically, the term ‘lost move syndrome (LMS)’ has previously been used when a 

gymnast loses body position awareness or awareness and technique of a particular skill (Tenn, 1995, 

Day et al., 2006). However, LMS has been labelled as a psychological condition and only researched 

from a psychological perspective (Day et al., 2006, Bennett et al., 2015) but has not been investigated 

in relation to rapid growth. Although there is no existing literature specifically exploring skill loss in 

artistic gymnasts during rapid growth, changes in both rotation and postural control during a handstand 

as a result of growth have been noted in artistic gymnastics (Wyatt et al., 2018, Ackland et al., 2003).  

 

Alongside a temporary loss of skill, coaches attributed more emotions to hormones, injuries and the 

overall changes that occur as a result of maturation. Adolescence is a time where emotions intensify 

and fluctuate more rapidly (Coe-Odess et al., 2019, Bailen et al., 2019). This is due to a combination of 

physical, biological, social and cognitive changes that occur throughout this period (Coe-Odess et al., 

2019, Bailen et al., 2019). Additionally, adolescents are more sensitive to social evaluation as the brain 

continues to mature (Somerville, 2013). The emotions described by coaches may be a result of 

fluctuating and more intense emotions experienced by adolescent gymnasts combined with sensitivity 

to social evaluation. For example, a gymnast may become emotional as a result of constructive criticism 

from a coach. Although there is limited research with regard to psychological changes in youth 
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gymnasts, research in the field of developmental psychology presents excellent guidance on 

understanding the psychological changes that occur alongside puberty (Bailen et al., 2019, Coe-Odess 

et al., 2019, Casey et al., 2008, Soenens et al., 2017) which is likely to be applicable to adolescent 

gymnasts.  

 

Coaches perceived gymnasts to portray a lack of motivation and compliancy to training throughout 

adolescence. A lack of compliancy and motivation towards training may partly be due to adolescence 

being a period where adolescents seek autonomy (Casey et al., 2008, Soenens et al., 2017). Autonomy 

is a key component of intrinsic motivation and self-determined extrinsic motivation alongside 

relatedness and competence (Ryan and Deci, 2000). If an athlete’s autonomy, relatedness and 

competence needs are not met, intrinsic motivation and self-determined extrinsic motivation is 

negatively impacted, and athletes are subsequently predisposed to non-self-determined forms of 

extrinsic motivation (external regulation and introjection) and amotivation (state of lacking intention to 

act) (Ryan and Deci, 2000). The described behaviours may be a result of gymnasts feeling a lack of 

autonomy if coached in a restrictive way (Vallerand, 2007). 

 

One of the most commonly believed causes of injury in youth gymnasts was rapid growth. The 

adolescent growth spurt has previously been associated with injury in youth athletes (Arnold et al., 

2017, DiFiori et al., 2014, Caine et al., 2008). Two coaches suggested that a combination of high 

training loads and growth could be a cause of injury in youth gymnasts. Although there is currently 

limited evidence, it has been previously suggested that youth athletes are more vulnerable to injuries 

during growth, particularly when training loads are high and repetitive (McKay et al., 2019, DiFiori et 

al., 2014). Both high training loads and repetition are common characteristics of gymnastics training 

(Burt et al., 2010, Malina et al., 2013), specifically, gymnastics training involves repetition of the same 

skills and movement patterns. Additionally, coaches from the artistic disciplines associated injuries with 

an increase in the number of routines or skills performed and increasing the difficulty of skills. 

Consistent with the observations made by coaches, the incidence of injury has been found to increase 

when training load increases suddenly in youth athletes from other sports (O'Keeffe et al., 2020). This 

emphasises the importance of monitoring training load in gymnastics to reduce the risk of injury 

(Bourdon et al., 2017). 

 

In line with previous research on injuries in youth gymnasts, growth-related injuries such as Osgood-

Schlatter’s disease, Sever’s disease, osteochondritis dissecans and stress fractures of the wrist and back 

were frequently mentioned by coaches (Guerra et al., 2016, Saluan et al., 2015, Hammer et al., 1981, 

Mohriak et al., 2010). Coaches also described other acute injuries that their gymnasts experienced, 

which have been previously reported to occur in gymnastics (Desai et al., 2019, Campbell et al., 2019, 



 49 

Grapton et al., 2013). These included shoulder injuries in MAG gymnasts, lower limb injuries in TRA 

gymnasts and hamstring strains in WAG gymnasts. 

 

Two primary mechanisms for reducing the risk of injuries were identified from the focus groups: 

modifying training during growth and prehabilitation. Suggested and/or practiced modifications to 

training included reducing training load, minimising impact and training skills in a safer scenario i.e., 

soft surface. It is likely that modifying gymnastics training during growth in these ways will reduce the 

repetitive forces and loading on an adolescent’s body at a time where it is more susceptible to injuries 

e.g., weaker growth plates (DiFiori et al., 2014, McKay et al., 2019). Training load has been previously 

modified in youth squash players ‘at risk’ of Osgood-Schlatter’s symptoms (Horobeanu et al., 2017). 

Subsequently, the number of days of training lost because of Osgood-Schlatter’s were reduced 

(Horobeanu et al., 2017).   Prehabilitation was also identified by coaches as a mechanism for reducing 

the risk of injuries in gymnastics. Prehabilitation exercises have often been used in sport to reduce the 

risk of injuries (Tenforde et al., 2015), where the evidence around the efficacy and effectiveness of 

training programmes that reduce the risk of injury are well-established (youth & adult) in other sports 

(Emery et al., 2015). Research around prehabilitation exercises or equivalent training programmes that 

reduce the risk of injury in gymnastics is, however, limited and largely anecdotal or based on informed 

opinion (Daly et al., 2001).  

 

The majority of coaches from the artistic disciplines did not monitor training load and therefore any 

modifications or adaptations to training, especially during periods of rapid growth are unclear. It is also 

likely many coaches do not monitor training load in artistic gymnastics because of the complexity of 

the sport [multiple apparatus, different surfaces, skills vs routines]. On the other hand, the majority of 

TRA coaches monitored training load through training diaries. While there is no research on the correct 

method for measuring training load in trampolining, many TRA coaches monitor the number of contacts 

the gymnast makes with the trampoline bed. Overall, more research in monitoring training load in 

gymnastics is required, particularly as monitoring training load can be a useful tool to help inform 

decision making and therefore reduce the risk of injuries (Bourdon et al., 2017). 

 

Many coaches monitored growth and maturity using measurements of stature. In addition, MAG, TRA 

and a couple of WAG coaches used mass. These measurements were captured, on average, once a 

month. However, coaches from all disciplines expressed their concerns regarding weighing gymnasts. 

Monitoring stature and mass is a commonly used method to monitor growth and maturity, where current 

anthropometrics are plotted against growth curves (WHO Multicentre Growth Reference Study Group). 

Height and weight can be collected routinely in youth sport for the purpose of identifying and 

monitoring the onset and occurrence of the adolescent growth spurt. However, such strategies are 

limited in that they rely on retrospective analysis. For example, a child may be three-to-six months into 
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their growth spurt before there is any evidence of a change in growth velocity. More recently, stature 

and mass are often collected alongside other measurements (seated height, parental height, age, sex) to 

predict when peak height velocity (PHV) will occur (Parr et al., 2020). Identifying PHV is particularly 

important as it is a time when young athletes are at an increased risk of injury (Johnson et al., 2019). 

However, it was not clear from the focus groups how the majority of coaches used this information. In 

line with the literature, menarche and visual identification was additionally identified as a method of 

monitoring/assessing maturity by some coaches (Malina et al., 2015, Bergeron et al., 2015, Romann et 

al., 2017). 

 

Coaches recognised the additional scientific and medical support they received from practitioners, 

particularly during growth and maturation. Coaches also highlighted the need for further education in 

relation to supporting a gymnast during puberty. Educating coaches in these areas will likely help reduce 

the risk of injury alongside burnout and dropout in gymnastics. Other sports have supported the notion 

of coach education, particularly as a means of reducing the risk of injury (Kerr et al., 2015, Gianotti et 

al., 2010).   

 

3.4.1 Methodological considerations 

Although the study incorporates a number of gymnastics coaches across three disciplines (MAG, WAG, 

TRA), the findings cannot be generalised for all gymnastics coaches. The findings in this study are 

relative to coaches working with young, competitive, artistic and trampoline gymnasts in Great Britain, 

however identified considerations can be useful across disciplines and sports, particularly in terms of 

monitoring training load and growth to reduce the risk of injury. From a methodological standpoint, an 

appropriate number of focus groups were completed to reach data saturation (Guest et al., 2017). 

 

3.4.2 Implications and future research 

The findings in this study show the current knowledge, awareness and practice of coaches regarding 

growth and maturation, and training load in competitive, young gymnasts. The study highlights the need 

for more coach education around the monitoring of growth and maturation, and training load. Education 

in these areas will aid coaches in their coaching practices and subsequently contribute to reducing the 

likelihood of overtraining syndrome, burnout and dropout alongside reducing the risk of injuries in 

young, competitive gymnasts. More coach education is also required in regard to coaching and 

supporting a gymnast during puberty. Additionally, the study emphasises the need for further research 

regarding monitoring training load in artistic and trampoline gymnastics. 
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3.5 Conclusion 
 

In conclusion, coaches were aware of physical changes and injuries that occur during the adolescent 

growth spurt. In addition, psychological changes and temporary skill loss/confusion were identified as 

significant during this time. The knowledge and practice of monitoring growth and maturation, and 

training load did however differ between disciplines. Finally, sports science and medicine practitioners 

were recognised as key stakeholders in helping manage and reduce the risk of injuries during growth. 

More coach education and research are required around monitoring training load and growth to aid 

coaching practice and therefore reduce the risk of injuries in young, competitive gymnasts. 
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CHAPTER FOUR 

Developing an international consensus statement on injury 

surveillance in artistic gymnastics 
 

 

4.1 Introduction 
 

Artistic gymnastics is performed competitively by men and women all around the world. Men compete 

on six pieces of apparatus, whilst women compete on four. As with all competitive sports, artistic 

gymnasts are at risk of sustaining an injury (Westermann et al., 2015, Campbell et al., 2019). The 

incidence of injury in artistic gymnastics have recently been reported to occur between 0.5 and 3.7 

injuries per 1000 hours gymnasts in women’s artistic gymnastics and 1.0 injuries per 1000 hours in 

men’s artistic gymnastics (Campbell et al., 2019). Injury incidence in artistic gymnastics has also been 

previously reported per 1000 athlete exposures or per gymnast. Due to the inconsistency of injury 

reporting methodologies, the true burden of injuries in artistic gymnastics is currently unclear. 

 

In 2019, Campbell et al. published a systematic review paper on injury epidemiology in artistic 

gymnastics. Within the review, the authors highlighted the inconsistencies of injury data collection and 

reporting in artistic gymnastics (Campbell et al., 2019). These included inconsistent injury definitions 

and numerous methods of reporting results. Other reviews based on injury in artistic gymnastics have 

emphasised similar concerns (Thomas and Thomas, 2019, Wolf and LaBella, 2020, Caine and Harringe, 

2013).  The overall purpose for injury surveillance in sport is to protect the health of athletes. Injury 

surveillance provides the starting point when devising injury prevention programmes (Finch, 1997, Van 

Mechelen et al., 1992, O’Brien et al., 2018). They also provide injury information to National 

Federations, which may in turn influence rules and regulations to reduce the risk of a particular injury 

(Beaudouin et al., 2019, Vriend et al., 2015, Ruestow et al., 2015, Orchard and Seward, 2009). For 

example, the code of points, the rulebook in gymnastics, may be influenced by the risk of injury to 

competition and training. Therefore, it is important that injury reporting is consistent to understand the 

true burden of an injury in a sport. 

 

Over the past 15 years, recommended methods of injury reporting through consensus statements have 

been developed in a variety of other sports including football, rugby union, cricket, tennis and 

swimming  (Fuller et al., 2006, Fuller et al., 2007, Pluim et al., 2009, Orchard et al., 2005, Orchard et 

al., 2016b, Timpka et al., 2014, Mountjoy et al., 2016a, Junge et al., 2008). The purpose of these 

consensus statements is to promote the consistency of injury definition and methods used for injury 

surveillance, allowing for comparison of data across studies (Bahr et al., 2020). Previously established 

consensus statements have consequently influenced the consistency of injury surveillance in those 
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sports. More recently, the International Olympic Committee published a consensus statement on 

methods for recording and reporting epidemiological data on injury and illness in sport (Bahr et al., 

2020). The latest IOC consensus statement was developed to further encourage consistency in injury 

definitions, data collection and reporting methods. This statement is designed to be broad in nature and 

acknowledges that sport-specific statements will provide more detailed and relevant recommendations 

(Bahr et al., 2020). As a result, sport-specific extensions have now been developed in tennis, golf and 

road-cycling (Verhagen et al., 2021, Heron et al., 2020, Murray et al., 2020). To date there has been no 

consensus statement developed for injury surveillance in artistic gymnastics or any gymnastics 

discipline. Accordingly, the aim of this study was to begin the process of developing a sport-specific 

consensus statement for injury surveillance in artistic gymnastics in alignment with the IOC’s consensus 

statement (Bahr et al., 2020). It is anticipated that more consistent injury reporting in artistic gymnastics 

will influence injury prevention programmes and inform the governing body on whether any 

modifications to regulations are required to reduce the risk of injury. 

 

4.2 Methods 
 

4.2.1 Study design 

The RAND/UCLA Appropriateness method (RAM) (Fitch et al., 2001) was employed to develop 

preliminary consensus recommendations on injury surveillance in artistic gymnastics. RAM has been 

referred to as the hybrid version of the Delphi method, combining the advantages of both surveys and 

face-to-face meetings to generate consensus (Humphrey-Murto et al., 2017). This method was modified 

in that an additional stage was added to develop recommendations. Therefore, the following preliminary 

consensus recommendations were developed using an initial survey followed by a face-to-face meeting 

and revised using further surveys and electronic discussions. With guidance from the University of 

Bath’s Department for Health, no written consent or ethical considerations were required. 

 

4.2.2 Survey 

An initial online survey was devised by the principal investigator and supported by the lead 

physiotherapist at British Gymnastics as the first step in developing the consensus statement. The survey 

was based on injury surveillance consensus recommendations from other sports (Orchard et al., 2016b, 

Mountjoy et al., 2016a, Timpka et al., 2014, Fuller et al., 2006, Fuller et al., 2007, Pluim et al., 2009, 

Junge et al., 2008), with specific artistic gymnastics alternatives and an option for additional comments. 

The topics included: definitions (classification) of injury, categorisation at the time of injury, 

characterisation at the time of injury, mode of onset, injury type and location, injury incidence, injury 

severity and injury burden (Appendix 4). The purpose of the survey was to help guide the subsequent 

face-to-face meeting. Additionally, an online survey was chosen as a wider number of medical 

practitioners could be easily accessed.  
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The survey was sent out via email to known medical practitioners (n=33) working with international 

and university level gymnasts from around the world (28th June 2019 – 7th September 2019). 

Practitioners were encouraged to recruit other applicable medical practitioners to participate in the 

online survey. All responses were anonymous. The online survey was completed by 21 medical 

practitioners (9 physiotherapists, 8 medical physicians, 2 orthopaedic surgeons, 1 athletic trainer, 1 

chiropractor).  

 

4.2.3 Face-to-face meeting 

On the 9th October 2019, at the 49th Fédération Internationale de Gymnastique (FIG) Artistic 

Gymnastics World Championships (Stuttgart, Germany), 28 medical practitioners (11 medical 

physicians, 17 physiotherapists) working with international gymnasts came together to develop the next 

stage of the consensus recommendations. Representatives were from the following countries: Australia 

(1), Austria (1), Belgium (1), Brazil (2), Canada (2), France (1), Germany (6), Great Britain (3), Italy 

(1), Japan (1), Netherlands (3), Spain (1), Switzerland (3), United States of America (2). The meeting 

was facilitated by the principal investigator and observed by the President of the FIG Anti-doping, 

Medical and Scientific Commission. Each topic from the survey was presented by the principal 

investigator followed by a discussion from medical practitioners. The meeting was recorded using an 

audio recorder (H1n, Zoom, UK) to capture the discussion. Under the guidance of the principal 

investigator, consensus was reached by agreement for each item.  

 

4.2.4 Survey and revision process 

Following the meeting, amendments were presented to practitioners through a survey (December 2019 

– January 2020) (Appendix 5). These amendments incorporated recommendations made by Bahr et al. 

(2020), as these were published after the face-to-face meeting. An 80% agreement from practitioners 

was required for changes to be accepted. The survey was open to known medical practitioners from 

around the world working with international gymnasts (n=49), including those who did not attend the 

meeting in Stuttgart. The online survey was completed by 22 medical practitioners. As part of the 

survey, practitioners were required to identify themselves to ensure agreement was unbiased by a single 

country. An initial statement containing the agreed recommendations was drafted into descriptive text 

and emailed to all practitioners in the medical group. Practitioners had the opportunity to provide 

feedback and alterations to the statement (February – April 2020). The revision process was managed 

by the principal investigator, lead physiotherapist at British Gymnastics, and a member of the 

supervisory team at the University of Bath. 
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4.3 Consensus Recommendations 

 

It was agreed that injury and illness surveillance should follow guidelines from the recent IOC 

consensus statement (Bahr et al., 2020) unless addressed below. The following therefore supplements 

the IOC consensus statement with artistic gymnastics specific recommendations. 

 

4.3.1 Gymnastic specific definitions of injury 

Originally three definitions (Time-loss, Medical Attention and Gymnast-reported) were proposed in the 

survey. These definitions were based on commonly used definitions of injury (Clarsen and Bahr, 2014a, 

Fuller et al., 2006, Orchard et al., 2016b). It was agreed that any ‘Time-loss’ definition for injury was 

unsuitable in gymnastics. A ‘Time-loss’ definition fails to account for athletes who train or compete 

through an injury, particularly overuse injuries (Bahr, 2009, Clarsen and Bahr, 2014a). In addition, 

gymnastics training can be modified to accommodate an injury and therefore a ‘Time-loss’ definition 

would fail to capture the majority of injuries (Clarsen and Bahr, 2014a). An example may be that a 

female gymnast with an ankle injury could continue to train and compete on the uneven bars. Therefore, 

it was agreed that the gymnastic specific definitions of injury in artistic gymnastics should be as 

followed: 

 

‘Medical Attention’ injury 

A medical attention injury is any complaint that requires medical attention (assessment and/or 

intervention by a medically trained person) and has the potential to influence artistic gymnastics training 

or competition. This definition incorporates injuries that have resulted in modification or no change to 

training/competition as well as any injury that results in time-loss. 

 

‘Gymnast-reported’ injury 

A gymnast-reported injury is any complaint that is considered an injury by a gymnast or on behalf of 

the gymnast (i.e., coach, parent or any non-medical stakeholder reporting injury) and has the potential 

to influence artistic gymnastics training or competition. Similar to the ‘medical attention’ definition, 

this definition incorporates injuries that have resulted in modification or no change to 

training/competition as well as any injury that results in time-loss. The ‘gymnast-reported’ definition 

should be used when a medically trained person is not present. When using this definition, injuries 

should be described by its anatomical region only (e.g., knee, back, ankle etc.) to avoid any inaccurate 

diagnoses. It should be acknowledged that this definition is both subjective and relies on the gymnast 

to report injuries consistently. 
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4.3.2 Categorisation of activity at the time of injury 

It was decided that an injury should be categorised into either a training injury, competition injury or 

other injury. A further explanation of each category has been described below. 

 

Training injury 

A training injury is any injury that occurs during training. This includes all gymnastic activity, other 

related training activities such as resistance training and any training and warm-up that occur prior to 

the march out (when the gymnast enters the competition hall at the start of the competition) at a 

competition.  

 

Competition injury 

A competition injury is any injury that occurs during a competition after the march out. 

 

Other injury 

Other injuries are any other injury that has occurred outside of artistic gymnastics, for example 

concussion from a car accident. 

 

4.3.3 Classifying the mechanism of injury 

Practitioners agreed that two of the categories used to classify the mechanism of injury (direct contact 

mechanisms and indirect contact mechanisms) by Bahr et al. (2020), would be confusing in artistic 

gymnastics. The group decided that the suggested categories pertaining to contact would not be 

appropriate in artistic gymnastics as the sport requires a gymnast to intentionally make contact with the 

apparatus. Reporting the mechanisms of an injury can be best described in artistic gymnastics through 

characterisation of activity at the time of injury.  

 

4.3.4 Characterisation of activity at the time of injury 

During the face-to-face meeting, practitioners devised a 4-level model for reporting the mechanism of 

an injury in artistic gymnastics. When characterising the activity at the time of an injury, it was 

suggested that as much detail as possible was provided. It was agreed that the activity description should 

be characterised by 4 categories of movement: (1) activity, (2) sequence of skills, (3) skill phase and 

(4) skill (Figure 4.1). The activity is the event the athlete is performing at the time of the injury. The 

sequence of skills notes if the injury occurred during a full routine, partial routine or a single element. 

The skill phase describes the portion of the skill when the injury occurred. Finally, the skill is the 

specific movement being performed. Figure 4.1 shows an example of recommended entries that can be 

used for categories 1-3. The list of skills in category 4 is for the purpose of example, this is not an 



 57 

exhaustive list. The FIG code of points should be referred to when completing this category. For 

gradual-onset injuries, the injury can be marked as ‘unknown’ in category 1. 

 

Practitioners decided that in a club environment, a minimum of category 1 (activity) should be recorded 

when reporting the characterisation of activity at the time of injury, whereas a minimum of levels 1-3 

(activity, combination of skills and skill phase) should be reported in a National/International 

environment e.g., at a national camp.  

 

4.3.5 Reporting injury incidence, severity and burden  

When reporting the incidence of an injury, practitioners agreed that the incidence of injury is the number 

of new injuries within a given time period. This includes new and recurrent injuries and should be 

reported in either, or both, of the following formats. Competition and training injury incidence should 

be reported separately. 

 

Injury incidence should be calculated by either injuries ‘per 1000 athlete exposures’ or ‘per 1000 hours 

of exposure’. An athlete exposure is defined as one athlete participating in a single training session or 

competition session whereas hours of exposure is the total number of hours an athlete is exposed to 

training or competition. It is recommended, however, that injury incidence should aim to be reported 

per 1000 hours of exposure where possible as an athlete-exposure can vary in the length of time. For 

example, one gymnastics training session could be an hour in duration, whilst another could be three.   
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Figure 4.1. A 4-level model to characterise activity at the time of injury.  

 
Figure 5.1 Training load (sRPE) of individual trampoline gymnasts over an 8-week period. Red line represents 
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Practitioners agreed that in order to recognise the full severity of an injury in artistic gymnastics, injury 

severity should be calculated from the day of injury up until the day before the return to full training. 

Full training could either be the return to the level of artistic gymnastics training and competition prior 

to injury or to a new permanent modification of gymnastics training and competition. The severity of 

an injury therefore accounts for the days of modified training (including time-loss) as a result of an 

injury. It should also be noted when an injury results in retirement from the sport. 

 

The burden of an injury can be calculated as the number of ‘modified training days per 1000 hours of 

exposure’ or the ‘modified training days per 1000 athlete exposures’ (injury incidence x mean severity).  

 

4.3.6 Communicating risk and burden to stakeholders 

It was acknowledged that a more simplified method may be required when communicating risk and 

burden to coaches/support staff. In these circumstances, risk should be communicated through ‘injuries 

per squad per year’. For example, if the incidence of an injury per gymnast per year (0.4 ankle injuries 

per gymnast per year) is multiplied by the average number of gymnasts on a squad of 10 gymnasts, the 

risk of injury communicated would be 4 ankle injuries per squad per year. Burden should simply be 

communicated by calculating the total days of modified training for an injury in a year. For example, a 

total of 100 days of training were modified in a year due to shoulder injuries.  

 

4.4 Discussion 

 

The purpose of this study was to begin developing an international consensus statement for injury 

surveillance in artistic gymnastics. The purpose of developing a consensus recommendation was to 

encourage more consistent injury reporting in artistic gymnastics. Aligning recommendations with 

those made in the International Olympic Committee consensus statement (Bahr et al., 2020) will also 

promote more consistent injury reporting between sports. In this study, recommendations were made 

on injury definitions, categorisation and characterisation of activity at the time of injury, reporting 

methods for incidence, severity and burden, and communicating risk and burden to key stakeholders. 

These were made as an artistic gymnastics specific extension to the IOC consensus recommendations 

(Bahr et al., 2020). The recommendations made in this study are flexible to accommodate the different 

types of research that may be undertaken in artistic gymnastics. For example, the statement offers two 

definitions of injury: ‘Medical Attention’ and ‘Gymnast-reported’. These definitions permit research to 

be conducted in artistic gymnastics by both qualified medical practitioners and other stakeholders (e.g., 

coaches, sports scientists, academics). These recommendations for injury surveillance in artistic 

gymnastics could also be applied to other gymnastics disciplines (trampoline, rhythmic, acrobatic, team 

gym etc) with modification to ‘Characterisation of activity at the time of injury’. 
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Practitioners and researchers should be urged to begin using the recommendations presented in this 

study when reporting injury in artistic gymnastics to promote consistency in injury reporting. Applying 

these recommendations in practice will also determine whether they are appropriate for injury 

surveillance in artistic gymnastics and will help further develop the consensus statement. Similarly, as 

the sport and competition structures continue to evolve, these recommendations may need adapting to 

ensure recommendations remain appropriate for robust injury surveillance in artistic gymnastics. 

Consensus statement adaptations have been demonstrated in cricket to incorporate the emergence of 

Twenty-20 cricket (Orchard et al., 2016a).  

 

The consensus statement should be further developed by making recommendations on recording 

overuse injuries in artistic gymnastics. In artistic gymnastics, overuse injuries such as gymnast’s wrist, 

Osgood-Schlatter’s disease and spondylosis are frequently reported, particularly in young gymnasts 

(Hart et al., 2018). However, the recommendations in this study do not address details for reporting 

overuse injuries. Additionally, it may be beneficial to provide recommendations for reporting the 

prevalence of an injury. Prevalence could be reported in a similar fashion to the Oslo Sport Trauma 

Research Center questionnaires (Clarsen et al., 2020, Clarsen et al., 2013). Similarly, it may be useful 

to include and distinguish the severity of reported injuries that do not require any modifications to 

training and or competition. The consensus statement may also be further developed by providing a 

template of an injury form that can be used during injury surveillance. An example of an injury form 

has been previously used during injury surveillance in Men’s artistic gymnastics (Kruse et al., 2021). 

Providing a template may encourage consistent injury reporting in artistic gymnastics. 

 

4.5 Conclusion 
 

The following study has begun to develop a consensus statement for injury surveillance in artistic 

gymnastics. Researchers and applied practitioners should aim to report injuries in line with the 

recommendations made in this study to encourage consistency of injury surveillance within artistic 

gymnastics. Further recommendations regarding reporting overuse injuries, prevalence of injuries and 

providing a template form for injury surveillance are, however, required to allow for a more robust 

injury surveillance in artistic gymnastics.  
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CHAPTER FIVE 

Part 1: The influence of growth and training load on injury risk in 

competitive, trampoline gymnasts 
 

 

5.1 Introduction 

 
Chapter three explored coach awareness, knowledge and practice around the areas of growth/maturation 

and training load in competitive gymnasts. Although coaches commonly described injuries such as 

Osgood-Schlatter’s disease, severs disease and growth-plate stress fractures to occur amongst their 

gymnasts whilst growing, little is known about the interactions between growth, training loads, and 

injury risk in competitive gymnasts. 

 

The adolescent growth spurt has been identified as a risk factor of injury in youth sport (McKay et al., 

2019, DiFiori et al., 2014, Bergeron et al., 2015, Johnson et al., 2019, Towlson et al., 2020). This may 

partly be explained by the growth plates becoming more fragile (Caine et al., 2006, Alexander, 1976, 

Brenner, 2007) and the development of bone and muscle occurring asynchronously (Iuliano‐Burns et 

al., 2001, Malina et al., 2004) during the adolescent growth spurt.  In addition, rapid changes in body 

size, physique, functionality and biomechanics that occur during adolescent growth spurt may lead to 

temporary decrements in motor performance during adolescence (i.e., adolescent awkwardness) 

(Quatman-Yates et al., 2012). In gymnastics, during the adolescent growth spurt, changes such as centre 

of mass position have previously been linked to a temporary loss or confusion of a skill (Patel et al., 

2020). Similarly, these changes may further heighten the risk of injury (DiFiori et al., 2014, Wild et al., 

2016, Quatman-Yates et al., 2012).  However, research regarding adolescent awkwardness and 

subsequently its link to injury risk is limited and therefore further research in this area is required 

(Quatman-Yates et al., 2012). Although there is emerging evidence to suggest that the adolescent 

growth spurt serves as a risk factor for injury in young athletes (McKay et al., 2019, Bergeron et al., 

2015, DiFiori et al., 2014, Johnson et al., 2019) our understanding of the processes, factors and 

mechanisms that underlie this association is limited.  

 

Training load has also been identified as a risk factor for injury in youth sport (Watson et al., 2017, 

Møller et al., 2017, Bowen et al., 2017, Murray, 2017, Dennis et al., 2005, Malisoux et al., 2013). 

Similar to adult athletes, more recent studies have found the risk of injury increases when there is a 

‘spike’ or an accumulation of high training loads (Bowen et al., 2017, Møller et al., 2017, Watson et 

al., 2017, O'Keeffe et al., 2020). Spikes in training load may reduce “injury resiliency” and thus increase 

a gymnast’s likelihood of injury during subsequent training. Generally, training load is considered high 

in young gymnasts compared to other youth sports. Young, competitive, artistic gymnasts have recently 
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been reported to train on average 25-27 hours a week (Burt et al., 2010, Guerra et al., 2016). In 

comparison, youth academy football players of a slightly older chronological age have been reported to 

train on average 14 hours a week (Buchheit and Mendez-Villanueva, 2014). However, relatively little 

is known about the training load of youth gymnasts or the most valid tools for its measurement (Burt et 

al., 2010, Trucharte and Grande, 2021), and subsequently the relationship between training loads and 

injury remains unclear in this setting. 

 

Although there are multiple studies investigating the relationship between training load and injury in 

youth athletes, there is only limited, cross-sectional research specifically exploring the interaction 

between growth, training load and injury (Jayanthi et al., 2015). The impact of training load on injury 

may be amplified during developmental stages when the athlete is physically and athletically less able 

to cope with the demands of higher training intensities or volumes (DiFiori et al., 2014). It has also 

been suggested that late maturing youth athletes may particularly be at risk as training load and demands 

of training tend to be greater at an older age (Mitchell et al., 2020).  A better understanding of the 

interaction between training load and growth, particularly rapid growth, is therefore warranted and may 

ultimately contribute to reducing the risk of injury in youth athletes. This may be of particular interest 

in gymnastics, where injuries are commonly reported amongst competitive, young gymnasts (Guerra et 

al., 2016, Caine et al., 1989, DiFiori et al., 2002, DiFiori, 2006, Hart et al., 2018, Sweeney, 2019, 

Grapton et al., 2013). Additionally, injuries may impact on long-term development, future participation 

in gymnastics or other sports and could consequently lead to long term health problems (Webborn, 

2012). 

 

The aim of the study was to understand the associations and interactions between growth and training 

load on injury risk in competitive gymnasts. It was hypothesised that gymnasts in the adolescent growth 

spurt would report more pain or injuries than those pre- or post-growth spurt. It was also hypothesised 

that gymnasts experiencing spikes in training load or accumulation of high loads would report pain or 

injuries more frequently. A secondary aim of the study was to describe the training load of gymnasts 

towards a major competition. It is anticipated that this study will contribute to understanding how the 

risk of injury can be reduced in gymnasts experiencing the adolescent growth spurt.  

 

5.2 Methods 

 

5.2.1 Study design 

A prospective cohort study design was used to understand the interaction between growth, training load 

and injury in competitive gymnasts. Gymnasts completed custom-made training diaries to capture 

training load and injury during the lead up to a national competition. Stature and body mass 
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measurements were conducted by the principal researcher at programme training camps (Lilleshall 

National Sport Centre, UK) during the data collection period in order to calculate growth spurt status.  

 

5.2.2 Participants 

Gymnasts (aged 9 -19 years) from the Men’s Artistic (MAG), Women’s artistic (WAG) and Trampoline 

(TRA) programmes at British Gymnastics were invited to take part in the study (51 MAG, 54 WAG, 

52 TRA; 76 female, 81 male). As part of the inclusion criteria, gymnasts were on a Great Britain 

(Foundation, Development, Junior or equivalent, n=153) or England (n=4) pathway programme. 

Additionally, gymnasts were required to be healthy enough to compete at a national competition (British 

Championships, English Championships, Trampoline and Tumbling Spring Event Series [TRA only], 

Women’s Artistic National Compulsory Levels 4, 3, 2 [WAG only]) at the start of data collection. 

 

Gymnasts were invited to take part via email invitations to their parents from discipline specific 

administrators. Participation was at the gymnast and parent’s discretion. The parents of gymnasts under 

the age of 16 were provided with a participant information sheet and completed a written consent form 

on behalf of their child to participate in the study. Gymnasts under 16 were also required to complete a 

written assent form. Gymnasts over 16 were provided with a participant information sheet and 

completed a written consent form to participate in the study. The stature of all gymnast’s biological 

parents was also obtained during consent. The study was approved by the University of Bath Research 

Ethics Approval Committee for Health [Reference: EP 18/19 050]. 

 

5.2.3 Training diaries 

Each gymnast was given a custom-made, discipline-specific training diary (Appendix 6) and was 

requested to complete the diary during the training block leading up to competition. Capturing training 

load leading up to a national competition was chosen to control the type of gymnastic training completed 

by gymnasts i.e., more routine training rather than learning new skills. Training data was collected for 

a period of 8 weeks up until, but not including the end competition (or podium training). This time 

frame was selected by National Coaches as it is believed this is the minimum time required to prepare 

for a competition. A short time frame was also selected to encourage gymnasts to record training load 

throughout the data collection period, as training load is not typically recorded Data collection was 

proposed to take place between July 2019 – May 2020.  

 

Training diaries contained templates for gymnasts to complete. Each week, gymnasts were requested 

to fill in information regarding gymnastic specific and non-gymnastic training following each training 

session, and details on any pain or injury (self-reported). Gymnastic and non-gymnastic training were 

separated into two different tables. Additionally, artistic disciplines were provided with separate tables 
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for each apparatus. The gymnastic specific training load measurements differed between each discipline 

(Table 5.1) as requested by National coaches. Non-gymnastics specific training included training in 

other sports, physical preparation/ strength and conditioning, and warm-ups. Both gymnastic specific 

and non-gymnastic tables included duration (min), rating of perceived exertion (RPE [1-10]) training 

load measurements, and whether training was modified from programmed training. Gymnasts were also 

encouraged to record and provide brief details (e.g., location) of any pain or injury from each training 

session. Therefore, an ‘all-complaints’ definition of injury was used in this study (Bahr et al., 2020). 

   

Table 5.1 Additional training load variables for each discipline 

MAG WAG TRA 

Routines Attempted 

Routines Completed 

Single skills 
Routine Attempted (Subsection: ¼, 

¾, Full) * 

Routines Completed (Subsection: 
¼, ¾, Full) * 

Contacts 

Total DD (difficulty) 

*No subsection for Vault 

 

5.2.4 Percentage of adult height & growth spurt status 

During the training data collection period, stature (Stadiometer, Seca 213, Germany) and body mass 

(Electronic column scales, Seca 767, Germany; last calibrated 19/02/2016) were measured a minimum 

of once during the data collection period by the principal researcher when gymnasts attended a national 

training camp. A standard method of measuring stature to the nearest millimetre was used. 

Anthropometric data was then used alongside sex, age and mid-parent height to calculate current 

predicted adult height (PAH) using the Khamis-Roche method (Khamis and Roche, 1994) for each 

gymnast. Parent height was self-reported and adjusted for over-estimation (Epstein et al., 1995). The 

percentage of PAH (%PAH) was then calculated by dividing the gymnast’s PAH by the gymnast’s 

current height. This method has been validated in American and British youth athletes (Malina et al., 

2007, Myburgh et al., 2019, Cumming et al., 2014). The %PAH for any gymnasts over the age of 18 

was calculated from their last stature and body mass measurement taken whilst under the age of 18. 

Growth spurt status was defined using %PAH (Pre: <85%, Circa: 85-96%, Post: 96%<) (Sanders et al., 

2017, Parr et al., 2020). The median error bound for this method is ± 2.2 cm in males and ± 1.7 in 

females between 4.0 and 17.5 years of age (Khamis and Roche, 1994). 

 

5.2.5 Statistical analysis 

Descriptive statistics were calculated for participants and training diary variables. Session-RPE load 

(sRPE) [duration x RPE] was calculated for all gymnastics and non-gymnastics training. Session-RPE 

is a reliable and valid method of collecting training load (Haddad et al., 2017, Foster et al., 2021).  Any 

missing duration data from competition or programme camps were added to the dataset, as these 
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durations were known. Missing RPE data (6% of 1240 training sessions), was estimated from RPE of 

similar and recent training sessions. This method was chosen as it was deemed the most representative 

method for replacing missing RPE data and preserves the relationship of the variables inputted into the 

model. Gymnastic specific training load measurements for each discipline were not analysed in this 

study as these variables could not be combined with non-gymnastics training to calculate total training 

load but were collected in the interest of National Coaches. Training load throughout the 8 weeks was 

analysed as differential load [smoothed rate of week-to-week change in load] (Tysoe et al., 2020, 

Lazarus et al., 2017) and a 7-day exponentially weighted moving average (EWMA7day) [representation 

of a training week] (Williams et al., 2017b). No latent period was included, as the derived measures 

were updated and analysed daily. An injury was defined as any self-reported pain or injury. Prevalence 

of injury amongst gymnasts was calculated for each week by dividing the number of gymnasts reporting 

an injury by the total number of gymnasts completing  training diaries (Clarsen et al., 2014). The same 

method was used to calculate the prevalence of injury that resulted in modified training.  

 

Descriptive statistics and statistical tests were performed using R Studio (version 3.3.6, The R 

Foundation for Statistical Computing Platform, Vienna, Austria), using the ‘lme4’ package for 

modelling (Bates et al., 2014). Generalised linear mixed-effects models were used to model the 

associations between growth, training load and reported injury, using a binomial distribution and 

complementary log-log link function. Predictor variables (growth and training load variables 

[differential load and EWMA7day]) were modelled as numeric fixed effects. Multivariate models were 

used, such that the associations between each training load metric and injury risk were controlled for 

%PAH (and vice versa). Non-linear relationships were explored by including polynomial terms in the 

models and were retained when the squared term was significant. Gymnast ID was modelled as a 

random effect. The interaction effect of sex was evaluated by using an initial term in the model. An 

interaction effect between each training load measure and %PAH was also assessed in additional 

models. Linear predictor variables were evaluated as the change in risk associated with a 2SD increase 

in the predictor variable as recommended by Hopkins et al. (2009). Statistical significance was defined 

as P <0.05.  

 

5.3 Results 

 

5.3.1 Coronavirus disease (COVID-19) pandemic 

The data collection period for 115 (51 MAG, 54 WAG, 10 TRA; 60 female) invited gymnasts had to 

be terminated as a result of the COVID-19 pandemic. The 8-week build up to the Artistic British 

Championships (April 2020), Trampoline and Tumbling Spring Event Series 2 and Women’s Artistic 

National Compulsory Levels 4, 3, 2 (May 2020) coincided with the national lockdown. As a 
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consequence, all competitions during this period were cancelled and gymnastics training ceased. A new 

period involving an 8-week build up to any national competition was unable to be established and 

therefore the decision was made to end the study for gymnasts whose data collection period was affected 

by COVID-19.  

 

5.3.2 Participant characteristics 

Twenty-one (8 female, 13 male) trampoline gymnasts (Table 5.2), whose data collection period was 

unaffected by the COVID-19 pandemic, completed the training dairies over an 8-week build up to a 

national competition (British Championships = 20; English Championships = 1). Sixteen (7 female, 9 

male) of the 21 gymnasts competed at both English and British Championships. Of the 42 invited 

trampoline gymnasts, 21 (8 female, 13 male) gymnasts did not complete the study; 1 gymnast declined 

participation, 1 gymnast withdrew with an injury, 2 gymnasts did not return their diaries, and 17 

gymnasts did not complete their training diaries over the 8-week period. 

 

Table 5.2 Participant characteristics 

Participants Age (yrs.) Height (cm)* 
Body mass 

(kg)* 

% of  predicted 

adult height* 

Growth spurt 

status 

Male (n=13) 
10 - 19;  

13.4 ± 2.5 

141.4 - 183.9; 

 157.7 ± 13.7 

32.7 - 76.7; 

 47.81 ± 15.11 
80.0 - 101.6; †  

89.4 ± 7.0 

Pre = 6, Circa = 

4, Post = 3 

Female (n=8) 
10 - 17;  

13.1 ± 2.0 

147.9 - 163.2; 

158.1 ± 5.13 

36.8 - 60.2; 

50.1 ± 8.8 

87.7 - 99.5; 

95.8 ± 3.9 

Pre = 0, Circa = 

3, Post = 5 

Min-Max; Mean ± SD (Age, height, weight & percentage of adult height from data collected closest to competition). 

*Estimated for 4 (2 male, 2 female) gymnasts from data points taken before and after data collection period. †Percentage of 

adult height calculated for gymnast aged 19 from predicted height calculated at aged 17.9 years. 

 

5.3.3 Descriptive characteristics of training load & injury 

During the 8-week build-up to competition, the weekly average (±SD) training load (combined sRPE 

of trampoline and non-trampoline training) and trampoline only training load was 3310 AU (± 

1347 AU) and 2220 AU (± 1216 AU), respectively. The daily average (±SD) differential load and 

EWMA7day over the 8-weeks was 30 AU (812 ± AU) and 335 AU (193 ± AU), respectively. Total 

weekly training load and the observed pattern of training load over the 8-weeks leading up to a 

competition varied between gymnasts (Figure 5.1). Injury was reported on 127 of 1240 (10%) recorded 

training sessions (trampoline and non-trampoline). Of these, 28 (22%) training sessions were modified 

as a result of injury (2% of all recorded training sessions). The average prevalence of an ‘all-complaints’ 

injury is described in Table 5.3. The majority of injury (weekly prevalence) was described to occur in 

the lower limbs (68.4%) [foot/ankle (29.8%), shin (19.3%), knee (12.3%), hip (7.0%), leg (3.5%), 

Achilles tendon (1.8%), calf (1.8%)], followed by the back (21.1%). There were no observable 

differences in injury location between male and female gymnasts. 
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Table 5.3 Average weekly prevalence of an ‘all-complaints’ injury 

 All Pre Circa Post 

All complaints 
30%  

(27 to 34%) 

25% 

(2 to 48%) 

38% 

(24 to 52%) 

28% 

(17 to 39%) 

All complaints that resulted 

in modification of training 

10% 

(8 to 12%) 

10% 

(-3 to 23%) 

13% 

(4 to 21%) 

6% 

(1 to 12%) 

Average Weekly Prevalence (95 CI). Pre, Circa and Post growth-spurt status. 

 

5.3.4 Interactions of growth, training load and injury 

There was a significant non-linear association between %PAH and the probability of injury when 

adjusting for either training load metric (controlling for differential load, P=0.015 [Figure 5.2a]), 

controlling for EWMA7day; P=0.008 [Figure 5.2b]), with the highest injury risk estimated at 90.2 and 

89.9% PAH, respectively (circa growth spurt). The probability of injury was not significantly associated 

with differential loads (P=0.856) (Figure 5.2c). However, the probability of injury significantly 

increased with increases in EWMA7day training load (RR: 1.88, 95% CI: 1.21-2.91, P=0.005) (Figure 

5.2d). There was no significant interaction between %PAH, training load and the probability of injury 

(differential load; P=0.620 (Figure 5.2e), EWMA7day; P=0.088 (Figure 5.2f)). There was no main 

effect of sex  (P=0.800). 

Figure 5.1 Training load (sRPE) of individual trampoline gymnasts over an 8-week period. Red line 

represents 7-day exponentially weighted moving average. 
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Figure 5.2 Interactions of growth (%PAH), training load and probability of pain or injury. Shaded areas 

represent 95% CI .* Significant interactions P<0.05. 80% (Red), 90% (Blue) & 100% (Green) PAH for graphs 

e & f. 

%PAH (adjusted for differential load sRPE)   
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5.4 Discussion 

 

The aim of the study was to understand the interactions between growth, training load and injury risk 

in competitive gymnasts. Unfortunately, due to the COVID-19 pandemic, the data collected and 

analysed in this study were from trampoline gymnasts only. Previous research monitoring training load 

in trampoline gymnasts is limited (van der Eb et al., 2013, GAO et al., 2009a). This is the first study to 

monitor training load using sRPE in trampoline gymnasts. Session-RPE is a simple and non-invasive 

tool that does not rely on any equipment to monitor internal training load. It also has been proven to be 

reliable, valid and ecologically useful in multiple sports (Haddad et al., 2017, Foster et al., 2021), and 

has been used in other gymnastics disciplines (Dumortier et al., 2018, Debien et al., 2020, Minganti et 

al., 2010, Sartor et al., 2013). The total weekly training load and pattern of training load over the 8-

week build up varied amongst individual gymnasts. These variations are due to a combination of 

individual training programmes, individual perceptions of exertion to a given training session (Haddad 

et al., 2017) and other additional influences (illness/injury, holiday, training camps etc). Interestingly, 

in some gymnasts, the observed pattern of training load leading up to competition did not show a 

traditional taper phase towards competition (Le Meur et al., 2012). Typically, training load is reduced 

towards a major competition to elicit optimal sports performance (Le Meur et al., 2012) and this was 

also described by coaches in chapter three.  However, the observed pattern of training load in some 

gymnasts showed an increase in training load towards competition. This may partly be explained by a 

discrepancy in coaches and athlete’s perception of training load, where coaches have been reported to 

underestimate training load in other youth sports (Murphy et al., 2014, Brink et al., 2014).  

 

This is also the first study to report the prevalence of injury in trampoline gymnasts. The average weekly 

prevalence of reported injury was lower than previously reported in competitive, rhythmic gymnasts 

(Gram et al., 2020).  When gymnasts were grouped into growth spurt status (pre, circa & post growth 

spurt), an injury was observed to be slightly more prevalent in gymnasts circa-growth spurt compared 

to those pre- and post-growth spurt. This aligns to research in other youth athletes, where the risk of 

injury is reported to be greater in those experiencing rapid growth (Johnson et al., 2019, Bergeron et 

al., 2015, Van der Sluis et al., 2015, DiFiori et al., 2014). In line with previous research in trampoline 

(Grapton et al., 2013), the location of injuries reported were predominantly in the lower limbs and back. 

Injuries in these locations corresponds to the body parts predominantly used in trampoline gymnastics 

and should therefore be a priority for injury prevention efforts in this setting. 

 

The association between growth (%PAH) and probability of injury suggests that there is a peak in injury 

risk around 90% PAH. The peak in injury risk parallels the peak in height velocity and growth velocity 

during the adolescent growth spurt, where peak height velocity (PHV) occurs between 85-96% of PAH 

(average at 90-91% of PAH) (Sanders et al., 2017, Parr et al., 2020). The window used to identify the 
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adolescent growth spurt has been found to correctly predict PHV for 96% of academy football players 

(Parr et al., 2020).  Findings in this study are similar to those of Johnson et al. (2019), who found that 

in a sample of academy football players, those between 88-95% of PAH were at a greater risk of injury. 

Both findings in this study and those by Johnson et al. (2019) suggest that youth athletes are at an 

increased risk of injury during the adolescent growth spurt, identified by 85-96% of PAH. However, 

Monasterio et al. (2020) recently found more injuries to occur post-PHV (> 96% of PAH) in Spanish 

academy football players. It should however be noted that injuries in this study were only considered if 

it caused more than 7 days of absence (categorised as moderate to severe) (Monasterio et al., 2020), 

and therefore may account for the discrepancies in injuries during different periods of growth. 

Consequently, although more research is warranted in this area, calculating a youth athlete’s %PAH 

may be a useful tool for identifying those who are at an increased risk of all types of injury as a result 

of the adolescent growth spurt. During this period (85-96% PAH), planned training and response to 

training should be carefully monitored and managed, to reduce the risk of injury. 

 

Two training load metrics (week-to-week changes and 7-day exponentially weighted moving average) 

were used to analyse the training load during the 8-week build up to competition. The lack of interaction 

between week-to-week changes in training load and the probability of injury suggests that any week-

to-week changes in training load, i.e., spikes or troughs in training load, did not increase the risk of 

injury. This differs from other youth sports such as handball, Gaelic football and football, where spikes 

in acute training load were linked to an increased risk of injury (Watson et al., 2017, Bowen et al., 2017, 

O'Keeffe et al., 2020, Møller et al., 2017, Malisoux et al., 2013). In comparison to this study, the 

majority of previous studies used an acute-chronic workload ratio (ACWR) to identify spikes in training 

load associated with the risk of injury. Many methodological issues have however been raised regarding 

ACWR and its association with injury risk (Wang et al., 2020b, Impellizzeri et al., 2020b). 

Alternatively, measuring week-to-week changes in training load appears to be a useful tool for capturing 

spikes in acute loads, whilst eliminating some of the methodological issues associated with using the 

ACWR. O'Keeffe et al. (2020) recently found that greater absolute week-to-week changes in training 

load were linked to injury risk in youth Gaelic football players. However, it should be highlighted that 

absolute week-to-week changes in training load do not account for the decaying effects of load over 

time. Week-to-week changes in training load are better represented when the rate of change in load 

from one week to another is smoothed using an exponentially weighted moving average (Lazarus et al., 

2017). Subsequently, the difference in findings regarding spikes in acute training loads and injury risk 

in youth athletes may partly be explained by the differences in methodologies employed. 

 

Conversely, the interaction between EWMA7day and probability of injury suggest that the risk of injury 

increases with higher weekly training loads. An association between high weekly loads and increased 

risk of injury has also been found in youth football (Watson et al., 2017, Bowen et al., 2017) and Gaelic 
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football (O'Keeffe et al., 2020). High weekly loads have also been linked to an increased risk of injury 

in an adult population of professional rugby union players (Cross et al., 2016b). It is likely that the risk 

of injury increases with higher weekly loads as athletes do not have required fitness to cope with the 

demands of prescribed training. Consequently, weekly training loads should be monitored to reduce the 

risk of injury in youth athletes.   

 

This is the first study to look at the interaction between growth, training load and injury risk. No 

significant interaction was found between growth (%PAH), training load (week-to-week changes or 

EWMA7day) and the probability of injury. However, the observed relationship between growth, weekly 

training loads (EWMA7day) and the risk of injury (P = 0.089) suggests an interaction may exist yet could 

be limited by the number of gymnasts in this study and resultant statistical power. The relationship 

suggests that pre-pubescent gymnasts, about to enter the growth spurt period are at greater risk of injury 

when exposed to higher weekly loads. However, further research with a larger cohort of gymnasts is 

required to understand whether there are any interactions between growth, training load and risk of 

injury in young gymnasts.  

 

5.4.1 Methodological limitations 

The data in this study suggests that the risk of injury increases during the adolescent growth spurt and 

with higher weekly training loads in trampoline gymnasts. Sadly, due to the COVID-19 pandemic, data 

was unable to be collected in MAG and WAG gymnasts, and therefore the number of gymnasts used 

for analysis were low and are only representative of trampoline gymnasts. Although the number of 

gymnasts in the study are low, the number of injury events match those required to make moderate to 

strong correlations (Bahr and Holme, 2003). The data is limited in that there were no female gymnasts 

grouped as pre-growth spurt and therefore should be considered whilst interpreting the relationship 

between growth and injury risk. However, it is likely the findings with regards to the adolescent growth 

spurt and the risk of injury in this study could be extended to other gymnastics disciplines.  

 

Limitations also exist regarding data collection. As the diary was self-reported by gymnasts (with coach 

assistance), it is unknown whether any training days were not reported, whether gymnasts took part in 

other sports or physical activities outside of gymnastics including physical education at school and at 

what time point the diaries were completed in respect to training. In terms of RPE, gymnasts were not 

provided with any RPE verbal anchors, but were told to ‘Rate out of 10 how hard you felt the session 

was (10 being the hardest session)’. Additionally, gymnasts were not advised to wait the recommended 

10 - 30 minutes before selecting an RPE rating for a training session (Foster et al., 2001, Uchida et al., 

2014) as a means of reducing missing data. As a result, there may be some availability bias to activities 

taking place at the latter end of a training session if gymnasts completed their dairies immediately after 
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a training session ended. Subsequently, this may have led to differential misclassification of training 

load and therefore the relationship with injury. 

 

In respect to injury, the definition of injury employed in this study encompassed all self-reported 

complaints (pain and or injury). As a result, the individual perceptions/reporting of pain or injury, and 

whether or not the reported pain is linked to an injury is a limitation of this study. Similarly, it is 

unknown whether the perception of pain is altered in youth athletes during puberty. Although a ‘time-

loss’ injury definition will definitively capture injuries, it fails to incorporate those injuries that have 

not resulted in time-loss, i.e. injuries that have resulted in modified training (Clarsen and Bahr, 2014b) 

and or influences performance (Bolling et al., 2019). An injury definition incorporating all complaints 

was therefore chosen for this study. The method of injury surveillance in this study also means that the 

severity of an injury is limited to whether training was modified or not and it is therefore difficult to 

understand the full severity of an injury.    

 

5.4.2 Implications and future research 

Outcomes from this study highlight the need for coaches to monitor training load and identify periods 

of rapid growth to reduce the risk of injury in gymnasts. It is recommended that coaches are educated 

and encouraged to identify periods of rapid growth in gymnasts, particularly by identifying the growth 

status using %PAH and flagging gymnasts between 85 and 96% of PAH as circa-growth spurt. In 

addition, coaches should be open to modifying gymnastics training where necessary throughout the 

adolescent growth spurt to minimise the risk of injury during this time. Similarly, coaches and gymnasts 

should be educated and encouraged to monitor training load, including internal loads (sRPE) and 

responses (e.g., soreness) to training to reduce the risk of injury. Reducing the risk of injuries in 

gymnasts is important as injuries may impact on long-term development, future participation in the 

sport and could consequently lead to long term health problems, both physical and psychological.  

 

Building from this study, further research should aim to look at the interactions between growth, 

training load and injury in different gymnastics disciplines, in larger cohorts and over a longer period 

of time. Further research could also look to explore pain in youth athletes during the adolescent growth 

spurt and its association with injury risk. From an applied standpoint, further research should be based 

on practical solutions to reduce the risk of injury in gymnasts during the adolescent growth spurt. A 

possible avenue may be based on the specificities of modifying training. This may include, but not 

limited to; exploring the role of physical preparation/strength and conditioning for reducing the risk of 

injury, recovery, and managing repetitions of the same movement patterns (DiFiori et al., 2014). Future 

research should also aim to further understand the relationship between training load and the risk of 

injury in gymnastics to help support coaches with planning and adapting training. 



 72 

5.5 Conclusion 

 

In conclusion, the risk of injury increases during the adolescent growth spurt and with higher weekly 

loads in trampoline gymnasts. However, in this study the risk of injury did not increase with 

spikes/troughs in training load or specifically in pre, circa or post-growth spurt gymnasts with higher 

weekly loads. Coaches and gymnasts should be educated and encouraged to monitor growth and 

training load as this may help reduce the risk of injuries in gymnasts.  
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Part 2: Modelling the relationships between training load, injury, and 

performance in trampoline gymnastics: A seven-month retrospective 

cohort study  
 

 

5.6 Introduction 

 

Whilst training load is collected frequently in trampoline gymnastics, as highlighted in chapter three, 

the relationships between training load variables, performance changes, and injury risk in trampoline 

gymnastics is unclear. Accordingly, the following study aims to explore the relationships between these 

variables in senior trampoline gymnasts. Additionally, findings from this study will help support the 

associations between training load and injury in trampoline gymnasts found in part one of chapter five. 

 

Training load can be defined as ‘The cumulative amount of stress placed on an individual from a single 

or multiple training sessions (structured or unstructured) over a period of time’ (Soligard et al., 2016). 

The amount of training load experienced by an athlete is important as it influences performance. In 

order for a training adaptation to occur and therefore any positive influence on performance, the 

physiological system requires both a sufficient amount of overload and recovery (Cunanan et al., 2018). 

To avoid any negative influences or stagnation in performance, it is crucial that the amount of loading 

and recovery is neither too low, or in excess of the body’s ability to maintain its structural and/or 

functional integrity (Cunanan et al., 2018). Additionally, prolonged excessive overloading and/or 

insufficient recovery can lead to overtraining syndrome, fatigue and burnout (Meeusen et al., 2013, 

Cunanan et al., 2018). The influence of training loads and recovery on performance can be modelled 

using an impulse-response (fitness-fatigue) model (Hemingway et al., 2020, Clarke and Skiba, 2013). 

Although practical limitations currently exist, an impulse-response model may assist with planning the 

optimal amount of training stimulus and recovery, and ultimately optimise performance at a specific 

period in time (Clarke and Skiba, 2013, Hemingway et al., 2020). 

 

Aside from a negative influence on performance, insufficient loading and/or recovery can also increase 

the risk of injury. Both high and low acute loads and sudden increases or ‘spikes’ in training loads have 

previously been associated with an increased risk of injuries (Soligard et al., 2016, Tysoe et al., 2020, 

O'Keeffe et al., 2020). It should be noted that a number of studies have modelled ‘spikes’ in training 

load using the acute chronic workload ratio (ACWR). Although a popular method, numerous 

methodological concerns have recently been raised regarding the ACWR (Wang et al., 2020b, 

Impellizzeri et al., 2020b), questioning the causal link between ‘spikes’ in training load and injury in 

these studies. The mechanisms for injuries associated with training load are believed to be at the tissue-

level, where the tissues are unable to tolerate the load, and at the athlete-level, where fatigue may 
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negatively impact factors such as technique, decision making, motor and neuromuscular control  

(Soligard et al., 2016). It is therefore important to understand the relationship between training load, 

changes in performance and injury, in order to achieve optimal performance and reduce the risk of 

injury. 

 

Monitoring training load in athletes is a useful practice for understanding the efficacy of training 

programmes, understanding athlete’s response to training, identifying fatigue, assisting with planning 

future training and recovery, and minimising the risk of injury, illness or overtraining (Bourdon et al., 

2017, Soligard et al., 2016). Training load can be monitored through external and/or internal variables 

(Halson, 2014, Impellizzeri et al., 2019). External training load variables represent the work completed 

by an athlete, whereas internal training load variables represent the response to external training loads 

and determines the training outcome (Impellizzeri et al., 2019, Impellizzeri et al., 2020a). Internal 

training load variables can either be objective measures, such as heart rate, or subjective measures, such 

as rate of perceived exertion (RPE) (Borresen and Lambert, 2008). Additionally, post exercise 

responses such as heart rate variability and perceived stress can be monitored to understand an athlete's 

response to training and aid the management of an athlete (Saw et al., 2016). However, subjective 

measures (perceived stress) appear to be more representative of athlete wellness compared to objective 

measures (heart rate variability) and are, therefore, recommended in practice (Saw et al., 2016).  

 

One of the most commonly used measure of internal training load is session-RPE (sRPE). Session-RPE 

(sRPE) is a non-invasive, inexpensive and simple tool for determining an athletes internal training load. 

Moreover, sRPE has been proven to be valid, reliable and ecologically useful in a number of individual 

and team sports, as well as physical activities such as resistance training (Haddad et al., 2017, Foster et 

al., 2021). It is, however, unknown whether sRPE is a useful measure of training load in trampoline 

gymnastics. Alternatively, a sport-specific measure may be a more relevant variable for monitoring 

training load in trampoline gymnastics. In trampoline gymnastics, each skill has an individual difficulty 

rating, where harder skills have a higher value. Therefore, the sum of skill difficulties (total DD) for a 

session may represent an accurate, external measure of training load in trampoline gymnastics. 

Combining total DD with RPE (DDRPE) may be an alternative, sport-specific internal variable for 

monitoring training load in trampoline gymnastics. 

 

A number of different training load variables are currently collected in trampoline gymnastics and in 

Great Britain DD×RPE is analysed using a 7-day rolling average. That said, it is unknown whether this 

is the most appropriate method for monitoring training load in trampoline gymnastics. From an applied 

perspective, understanding the most relevant approach to monitoring training load in trampoline 

gymnastics will assist coaches with planning and adapting training or recovery to maximise 

performance and minimise the risk of injury. At present the current research regarding monitoring 
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training load in trampoline gymnastics is limited and sparse (van der Eb et al., 2013, GAO et al., 2009b), 

and therefore more research in this area is warranted. 

 

In light of the previous discussion, the aim of the current study was to understand the relationship 

between training load variables, performance, and injury risk in trampoline gymnastics. A secondary 

aim of the study was to understand which training load variables and analysis metrics were most 

relevant for monitoring training load in trampoline gymnastics. It is anticipated that the findings from 

this study will contribute to future training load monitoring practices in trampoline gymnastics. 

 

5.7 Methods 

 

5.7.1 Study design 

A retrospective cohort study design was used to explore which training load variables are most relevant 

for monitoring training load in trampoline gymnastics. Retrospective training load, performance and 

injury data from senior trampoline gymnasts were used for analysis. The data used in this study was 

captured between August 2019 and mid-March 2020 (ending at COVID-19 national lockdown).  

 

5.7.2 Participants 

All seven gymnasts (3 male, 4 females; age: 25.3 ± 6.1 years; training age: 17.6 ± 7.0 years) on the 

Great Britain Senior Trampoline gymnastics team agreed for their training load, performance and injury 

data to be analysed for the purpose of this study. Collectively, these gymnasts have won 1 Olympic, 6 

World Championship, 19 World Cup, 1 World Games, 1 European Games and 11 European 

Championship medals as senior athletes. Gymnasts were invited to take part via email invitations from 

the programme administrator and Head National Coach. Gymnasts were provided with participant 

information and completed an online consent form, which allowed their data to be used in this study. 

The study was approved by the University of Bath Research Ethics Approval Committee for Health 

[Reference: EP 19/20 032]. 

 

5.7.3 Training load data 

The training load data used in this study was captured over a 7-month period and included both 

trampoline training and competitions (World Championships, World Cups and British Championships). 

All other training such as strength and conditioning sessions were not included as exact duration and 

RPE of the session is not currently recorded. Training load data was extracted from a new, custom-built 

training load monitoring app (Bounce Track, Version 1.2.29, The British Amateur Gymnastics 

Association, UK) and personal training diaries. Duration, total difficulty of the skills performed (total 

DD) and RPE variables were used in this study.  
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5.7.4 Performance marker 

Trampoline performance was regularly monitored using the time of flight (time in the air) from an arm 

set. An arm set is a vertical jump with the arms extended above the head and is performed just before 

the start of a routine or individual skill. An arm set represents the greatest time of flight performed by 

a gymnast whilst maintaining good control, and which they are then able to perform a skill. 

Additionally, an arm set is not believed to be influenced by other variables such as the psychological 

requirements needed to perform a skill. The time of flight from an arm set was captured using a 

trampoline measurement system (HDTS Trampoline measurement system, Eurotramp, Germany). The 

time of flight is a useful performance indicator as it is used as a variable to calculate the total score in a 

competition. In this study, all arm set times were those performed before a voluntary (more difficult) 

routine only. 

 

5.7.5 Injury data 

All injury data was obtained from a bespoke athlete health system (Performance Data Management 

System, The English Institute of Sport Limited, UK) with integrated medical records. Injury data 

extracted for this study included injury location, the number of days resulting in modified/no training 

and the total severity of the injury, defined as the number of days from the start of an injury to the end 

of injury management. All reported injuries were included, regardless of whether training was 

modified/stopped as a result. 

 

5.7.6 Statistical analysis 

Descriptive statistics were calculated for participants, training load and injury variables. Session-RPE 

load (sRPE) [duration x RPE] and total DD x RPE (DDRPE) were calculated for all trampoline sessions. 

Training load data was omitted if over half of a training week of total DD or RPE data were missing. 

Other missing duration and total DD (22% and 1% of 242 trampoline training sessions, respectively) 

data were estimated by a National Coach and missing RPE data (7% of 242 training sessions) was 

estimated from RPE of similar and recent training sessions. This method was chosen as it was deemed 

the most representative method for replacing missing training load data and preserves the relationship 

of the variables inputted into the model. Training load was analysed as differential load [smoothed rate 

of week-to-week change in load] (Tysoe et al., 2020, Lazarus et al., 2017), a 7-day rolling average and 

a 7-day exponentially weighted moving average (EWMA7day) [7-day represents a training week] 

(Williams et al., 2017b). No latent period was included, as the derived measures were updated and 

analysed daily. The data period used to analyse the association between training load and injury for 

each gymnast began when they were injury free. Two definitions of injury were used for analysis: all 

medical attention injuries, and injuries requiring modification to training (including no training) only. 
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Descriptive statistics and statistical tests were performed using R Studio (version 3.3.6, The R 

Foundation for Statistical Computing Platform, Vienna, Austria), using the ‘lme4’ package for 

modelling training load and injury (Bates et al., 2014) and the ‘dorem’ package for modelling training 

load and performance (Hemingway et al., 2020). Generalised linear mixed-effects models (GLMM) 

were used to model the associations between training load and injury (all medical attention injuries and 

injuries requiring modification to training), using a binomial distribution and complementary log-log 

link function. Predictor variables (differential load, rolling7day and EWMA7day) were modelled as a 

numeric fixed effect. Gymnast ID was modelled as a random effect. Linear predictor variables were 

evaluated as the change in risk associated with a 2SD increase in the predictor variable (Hopkins et al., 

2009). Statistical significance was defined as P <0.05.  

 

A dose-response model based on the Banister method (fitness-fatigue) (Hemingway et al., 2020) was 

used to model training load and performance for each individual gymnast. The model was fitted using 

training load as the model input and arm set time of flight as the model output. The model was developed 

using gain (k1 and k2) and time decay (1 and 2) constants for both the positive (1) and negative (2) 

effects of training, respectively. The coefficients were estimated using the L-BFGS-B method with a 

maximum of 1000 iterations. Model performance was evaluated using goodness-to-fit (R2) and root 

mean square error (RMSE). Goodness-to-fit was interpreted using the following; small = 0.02, medium 

= 0.13 and large = 0.26 (Cohen, 2013). The model was also cross validated using 5 repeats of 3 folds 

with predictors shuffled. 

 

5.8 Results 

 

5.8.1 Participant characteristics 

A total of four (all female; age 28.5 ± 4.7 years) gymnasts were used to model the association between 

training load and injury. Of the seven gymnasts, the data of two gymnasts were removed due to no 

injury free period and one gymnast was removed due to a substantial amount of missing training load 

data. Five (1 male, 4 females; age 28 ± 4.3 years) gymnasts were used to model the dose-response 

between training load and performance. One gymnast was removed due to limited performance marker 

data and one gymnast was removed due to a substantial amount of missing training load data. 

 

5.8.2 Descriptive characteristics of training load, performance marker and injury 

An average of 16.4 ± 9.6 weeks was used to model the relationship between training load and injury. 

The average weekly trampoline training load (± SD) was 1734 AU (± 999 AU) and 1302 AU (± 906 

AU) when calculated using sRPE and DDRPE, respectively. The daily average differential load (± SD)  
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for sRPE and DDRPE were -60 (± 810 AU) and -61 AU (613 AU), respectively. The daily average 

rolling average load (± SD)  for sRPE and DDRPE were 258 AU (± 142 AU) and 196 AU (± 131 AU), 

respectively. The daily average EWMA7day load (± SD) for sRPE and DDRPE were 259 AU (± 147 

AU) and 197 AU (± 137 AU), respectively.  

 

 A total of 8 injuries were reported, of which 50% required training to be modified.  The incidence of 

all medical attention injuries was 28.6 injuries per 1000 hours of athlete exposure and the incidence of 

injuries resulting in the modification of training was 14.3 injuries per 1000 hours of athlete exposure. 

The average severity and burden of injuries could not be calculated as one injury continued past the 

period used in the dataset and data collection period. The location of injuries included ankle (3), neck 

(2), knee (1), shin (1) and back (1). 

 

The number of weeks of training used to model the dose-response of training load and performance 

ranged between 6.6 and 28.4 weeks. Between 12 and 41 (Mean ± SD; 24 ± 11) markers of performance 

(arm set time of flight) were used in the model. An arm set time of flight value was recorded between 

0 – 4 times a week for each gymnast. The time of flight for the arm set ranged from 1.780 to 1.955 

seconds. On average, the range (± SD) for each gymnast was 0.063 seconds (± 0.031 seconds). 

 

5.8.3 Association between training load and injury 

The predicted probability of an injury was not significantly associated with training load (Differential 

load, rolling7day and EWMA7day) regardless of the variable (sRPE and DDRPE) or injury definition (all 

reported injury or an injury that required the modification of training) used (Figure 5.3 – 5.5). However, 

it should be noted that when the variable sRPE was analysed using EWMA7day, the relationship between 

training load and all medical attention injuries was close to significance (RR: 3.22, 95% CI: 0.97 – 

10.64, P = 0.056). P values for each model can be found in Table 5.4. 

 

Table 5.4 Association between training load and injury: GLMM P values 

Injury Definition Differential Load Rolling7day EWMA7day 

All medical attention 

injuries 

(1a) sRPE = 0.790 

(1c) DDRPE = 0.305 

(2a) sRPE = 0.290 

(2c) DDRPE = 0.636 

(3a) sRPE = 0.056 

(3c) DDRPE = 0.327 

An injury that requires 

modification to training. 

(1b) sRPE = 0.441 

(1d) DDRPE = 0.161 

(2b) sRPE = 0.474 

(2d) DDRPE = 0.729 

(3b) sRPE = 0.325 

(3d) DDRPE = 0.785 

sRPE = Session rate of perceived exertion; DDRPE = Total skill difficulty x Rate of perceived exertion. *Significant 

association P<0.05 
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a. 

 

c.    

 

b.   

 

d.   

 

Figure 5.3 Associations between training load (Differential sRPE and DDRPE load) and predicted probability 

of injury (all medical attention injuries and injuries that required modification of training) * Significant 

interactions P<0.05.  
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Figure 5.4 Associations between training load (Rolling7day sRPE and DDRPE load) and predicted probability 

of injury (all medical attention injuries and injuries that required modification of training) * Significant 

association P<0.05. 
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Figure 5.5 Associations between training load (EWMA7day sRPE and DDRPE load) and predicted probability 

of injury (all medical attention injuries and injuries that required modification of training) * Significant 

association P<0.05. 
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5.8.4 Dose-response relationship of training load and performance 

Three training load variables (duration, RPE and total DD) were used model inputs. All combinations 

of variables were trialled in the model. Overall, including all three variables provided the best model 

output. Gain and time delay constants for each model input (duration, RPE and total DD) can be found 

for each gymnast in Table 5.5. Figure 5.6. shows the fitted model to the actual arm set time of flight 

for each gymnast. The model showed a medium goodness-to-fit (R2) to arm set time of flight (Mean ± 

SD; R2 = 0.15 ± 0.2, RMSE = 0.02 ± 0.01). R2, RMSE and cross-validated model values for each 

gymnast can be found in Table 5.6. It should be highlighted that data was unable to be modelled for 

gymnast 4. 

 

 

Table 5.5 Gain and time delay constants for each gymnast’s model 

Gymnast 
Duration (min) RPE (AU) Total DD (AU) 

k1 1 k2 2 k1 1 k2 2 k1 1 k2 2 

1 0.0 20.5 0.0 6.8 2.0e-03 20.7 5.5e-03 7.0 0.0 20.7 0.0 7.1 

2 0.0 20.5 6.5e-05 7.0 0.0 20.9 2.6e-04 7.1 0.0 20.6 0.0 7.1 

3 0.0 20.6 3.9e-05 7.0 0.0 20.9 0.0 6.8 0.0 20.4 0.0 6.9 

4 0.0 20.7 0.0 7.1 0.0 21 0.0 7.2 0.0 20.4 0.0 7.0 

5 0.0 20.8 0.0 6.7 0.0 20.9 0.0 6.9 0.0 20.5 0.0 6.5 

Mean 0.0 20.6 2.1e-05 6.9 4.0e-04 20.9 1.2e-03 7.0 0.0 20.5 0.0 6.9 

SD 0.0 0.1 3.0e-05 0.2 8.9e-04 0.1 2.4e-03 0.2 0.0 0.1 0.0 0.2 

k1 = Positive gain; k2 = Negative gain; 1 = Positive time delay; 2 = Negative time delay 

 

 

Table 5.6 R2 and RMSE values (including cross validation) 

Gymnast R2 R2 CV RMSE RWSE CV 

1 0.01 0.05 0.03 0.03 

2 0.07 0.00 0.02 0.02 

3 0.04 0.03 0.01 0.01 

4 0.49 0.02 0.01 0.01 

5 0.12 0.05 0.02 0.02 

Mean 0.15 0.03 0.02 0.02 

SD 0.20 0.02 0.01 0.01 

CV = Cross validation; RMSE = Root mean square error.  
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Figure 5.6 Dose-response models for individual gymnasts. Red dots represent actual arm set time of flight 

performance. Black line represents modelled arm set time of flight. 

 



 84 

5.9 Discussion 

 

The aim of the study was to understand the relationship between training load variables, a performance 

marker, and injury risk in trampoline gymnastics. Overall, the risk of injury was not significantly 

associated with training load regardless of variable, analysis method or injury definition. Similarly, 

training load was not strongly related to the performance marker used in this study. The weekly average 

training load, daily average differential load and daily average EWMA7day load (sRPE) were lower than 

those reported in part one of chapter five (2220, 30 and 335 AU, respectively). These discrepancies may 

partly be due to the larger time frame incorporating different types of training blocks (competition and 

non-competition) used in this study. This is, however, the first study to assess DDRPE as a variable and 

rolling7day load as an analysis metric of training load in trampoline gymnastics.  

 

In trampoline gymnastics, there is currently no consistent way to report injuries. In this study, injury 

was reported as injuries per 1000 hours of exposure. A limited number of studies have previously 

reported the incidence of injuries in trampoline gymnastics, where different methods and definitions of 

injury were employed (Grapton et al., 2013, Bolling and Leite, 2012, Edouard et al., 2018), and 

therefore cannot be compared. This highlights the need for a consensus on reporting injury in trampoline 

gymnastics. In this study, two definitions of an injury were used: all medical attention injuries and 

injuries requiring the modification to training (including no training) only. It was important to include 

injuries that do not result in the modification of training (often known as ‘niggles’), as these often act 

as red flags for coaches. As a result, coaches may modify training programmes accordingly e.g., 

additional recovery, to reduce the risk of a more serious injury occurring (Whalan et al., 2020). 

 

No significant associations were found between training load and injury regardless of the variable 

(sRPE and DDRPE), method of analysis (differential load, rolling7day and EWMA7day) or injury 

definition (all reported injury or an injury that required the modification of training) used. However, 

the observed relationship between EWMA7day sRPE load and all reported injury suggests that a 

relationship may exist but could be limited by the number of gymnast’s data used in this study. 

According to Bahr and Holme (2003), at least 20 to 50 injury cases are required to detect a moderate to 

strong associations. Therefore, around 3 times the number of injury cases in this study are required to 

detect any moderate to strong associations between training load and injury. The relationship could 

suggest that gymnasts with higher weekly training loads are at a greater risk of niggles or injuries. 

Although injury and training load reporting methods differed slightly, a similar interaction was found 

in part one of chapter five.  
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In comparison to the findings in this study, significant associations have been found between training 

load and injury in other elite sport settings. However, research in these sports have used a variety of 

different variables, analysis metrics and injury definitions (Tysoe et al., 2020, Malone et al., 2020, West 

et al., 2020b), and therefore may also partially explain the difference in findings. The lack of association 

between training load and injury in this study also reiterates that injury is complex, dynamic and its 

causes are multifactorial (Meeuwisse et al., 2007, Windt and Gabbett, 2017, Kalkhoven et al., 2020), 

and that a single metric of training load cannot be used to predict injury (Dalen-Lorentsen et al., 2020, 

West et al., 2020a, Impellizzeri et al., 2020a). 

 

In this study, the relationship between training load (using duration, RPE and total DD) and a 

performance marker could not be clearly modelled using the dose-response model. Including training 

load variables as separate entities (i.e., volume and intensity) in the model produced the best model fit 

as opposed to wrapping duration and intensity variables together to produce a single ‘load’ number. 

The flaws on combining intensity and duration have been previously highlighted when investigating 

cycling performance and training load (Kesisoglou et al., 2020). The aforementioned study showed that 

acute performance decrements of various time trials are not consistent with corresponding values for 

training load (intensity and duration calculated as one value), highlighting the problems of using 

training load to compare exercise bouts consisting of different duration and intensity (Kesisoglou et al., 

2020). In this study, the model produced a medium goodness-of-fit between predicted and actual arm 

set time of flight. This suggests that training load itself is not a strong indicator of arm set time of flight 

performance. A medium goodness-to-fit may be partly related to the limited number of actual arm set 

time of flight values that were used to train the models (Hemingway et al., 2020). It is also likely other 

factors such as psychological load and localised muscle fatigue may have a greater influence on arm 

set time of flight performance. Therefore, the dose-response model in its current form is not a useful 

tool for predicting arm set time of flight performance from training load variables alone. However, the 

addition of other variables (e.g., perceived stress) to the model may better predict arm set time of flight 

performance. Alternatively, more physiological determinants of trampoline performance may be better 

modelled using the training load variables selected in this study.  

 

Training load and sports performance has, however, previously been modelled using dose-response 

models in other individual sports (Sanchez et al., 2013, Wallace et al., 2014, Mitchell et al., 2020, 

Agostinho et al., 2015), where these models were able to reasonably predict performance in comparison 

to actual performance. As expected, markers of performance in these studies were all based on physical 

fitness with minimal additional influences. It remains unclear whether these models can effectively 

assist planning to help optimise performance at a specific time point (i.e., major competition).  

 



 86 

5.9.1 Methodological limitations 

As mentioned earlier, only a small number of gymnasts’ data were used for analysis for this study. The 

gymnasts’ data used in this study were taken from Great Britain’s elite trampoline gymnasts and 

therefore small in number. In addition, data was excluded if the dataset was unable to meet the inclusion 

criteria or substantial amount of consecutive training load data was missing, subsequently reducing the 

total dataset and potentially resulting in type II error. Consequently, findings in this study should be 

interpreted with caution.  

 

From a data collection perspective, it is unknown whether there were any trampoline training sessions 

that were not reported. Furthermore, the training load data did not include any other modes of training 

such as strength and conditioning, which may influence the interactions between training load and 

injury, and training load and performance. It is also unknown at what time point gymnasts recorded 

their RPE score. Subsequently, there may be some biased towards training at the latter end of a session. 

 

5.9.2 Implications and future research 

Although there is a lack of statistically significant findings in this study, it is recommended that coaches 

and gymnasts are still educated around monitoring training load and its usefulness as a tool to help 

manage training (West et al., 2020a, Bourdon et al., 2017). In addition, it should be reiterated to coaches 

and gymnasts the importance of consistent data collection in order to monitor and manage training load 

successfully. Monitoring training load using the sRPE variable is advantageous as it is a simple tool 

that allows for different modes of training to be combined and provides information on individual 

responses to external load. However, monitoring sport specific external variables of training load in 

trampoline (e.g., total DD) alongside sRPE should be encouraged to aid with planning and 

programming.  

 

Expanding from this study, the relationship between training load and injury could be explored in a 

larger cohort of trampoline gymnasts to determine whether a relationship exists. Future research should 

look to use the dose-response model to model training load and physical fitness. For example, using a 

relevant measure of physical fitness such as jump height of a countermovement jump. In addition, 

further research investigating the relationship between training load and performance should be 

considered. From an applied perspective, future research should seek to understand the efficacy of 

monitoring training load as a tool in trampoline gymnastics and whether it influences coaching practice. 

Similarly, research understanding the role of niggles as a warning mechanism and its influence on 

modifying training may be useful for reducing the risk of more serious injuries in trampoline gymnasts. 
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5.10 Conclusion 

 

To conclude, there were no significant relationships between training load and injury in this study. 

Similarly, the relationship between training load and a performance marker of trampoline gymnastics 

were poorly related in this study. Overall, it is inconclusive as to which training load variable is most 

suited to monitoring training load in trampoline gymnastics. It is however recommended that coaches 

and gymnasts are still educated around the fundamentals of monitoring training load and its usefulness 

as a tool to help manage training.  



 88 

CHAPTER SIX 

Return to competitive gymnastics training in the UK following the 

first COVID-19 national lockdown: A mixed-methods analysis 
 

 

6.1 Introduction 

 

In March 2020, following the outbreak of COVID-19 (coronavirus), the UK entered its first national 

lockdown as an attempt to reduce the spread of the virus. As a result, all organised sport was suspended 

and during this time young gymnasts, like many other athletes, were restricted to home-based exercise 

and training. Following the easing of restrictions, gymnasts in England, gradually followed by gymnasts 

in Northern Ireland, Wales and Scotland, were able to return to training within a gym environment.  

 

One particular concern of returning to sport-specific training following lockdown was the increased 

risk of injury (Paoli and Musumeci, 2020, Sarto et al., 2020, Bisciotti et al., 2020). During the lockdown 

period, it was assumed athletes would experience a certain amount of detraining as a result of a 

reduction in training loads and sport-specific stimuli (Sarto et al., 2020). Consequently, these changes 

in training could influence tissue structures and mechanical properties resulting in an increased risk of 

injury if not considered or appropriately addressed when returning to sport-specific training (Sarto et 

al., 2020). From a training load perspective, previous research has associated sudden increases or 

‘spikes’ in training load with an increased risk of sustaining an injury (Eckard et al., 2018, Soligard et 

al., 2016, Tysoe et al., 2020). To avoid sudden increases in training load whilst returning to training 

following the national lockdown, researchers and practitioners in professional and amateur sports 

(Casais-Martínez et al., 2020, Stokes et al., 2020) recommended that training should be increased 

gradually to minimise the risk of injury. Recent research has also suggested that athletes experiencing 

minor injuries or ‘niggles’ may be at an increased risk of injury in the following week (Whalan et al., 

2020).  As it is likely athletes will experience niggles when returning to training, flagging niggles may 

act as a tool for reducing the risk of more substantial injuries. Reducing the risk of injury in competitive, 

young gymnasts as they return to gym-based training is also important to minimise any further 

disruption to their development. 

 

Typically, gymnasts train in the gym all year round for multiple hours each week, with minimal time 

spent out of the gym. The national lockdown has created a unique opportunity to explore the process of 

returning to gym-based training after several months away. Findings from this study may provide future 

guidance for returning to gym-based training following an extended period away from the gym (e.g., 

due to injury or illness). The primary aim of the study was to explore how competitive, young gymnasts 

returned to training in gyms following the UK’s initial COVID-19 national lockdown, with particular 
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interest towards training load and injury. The second aim of the study was to understand the perceptions 

and experiences of coaches during this time. 

 

6.2 Methods 

 

6.2.1 Study design 

Using a pragmatic approach, a convergent-parallel mixed methods design was used to understand how 

competitive, young gymnasts returned to training in gyms following the initial COVID-19 national 

lockdown. A convergent-parallel mixed method design was used develop a more complete 

understanding of returning to training in the gym (Creswell and Clark, 2017). Training load and injury 

were recorded between 25th July 2020 (government reopening of gyms in England) and the 13th 

December 2020. Gymnasts were required to complete an Oslo Sports Trauma Research Center 

Questionnaire on Health Problems (OSTRC-H2) questionnaire at the end of each week if they 

experienced any pain or injury. At the end of data collection, 3 coaches were interviewed to further 

explore the experiences and practices of returning to training.  

 

6.2.2 Participants 

Gymnasts (age 9 - 19) from Women’s artistic (WAG), Men’s artistic (MAG) and Trampoline (TRA) 

(51 MAG, 49 WAG, 54 TRA; 76 female, 78 male) Great Britain Pathway Programmes (Foundation, 

Development, Junior, Senior Development [TRA only]) were invited to take part in the study. Data 

collection for each gymnast began in line with their club reopening.  

 

Gymnasts were invited to take part via email invitations to their parents from discipline specific 

administrators. Participation was at the gymnast and parent’s discretion. The parents of gymnasts under 

the age of 16 were provided with participant information and completed a consent form on behalf of 

their child to participate in the study. Gymnasts under 16 were also required to complete an assent form. 

Gymnasts over 16 were provided with participant information and completed a consent form to 

participate in the study. Coaches of gymnasts were also provided with a participant information sheet 

and completed a consent form if they were happy to participate in an interview if required. All forms 

were completed via an online survey (Online surveys, Jisc, UK). The study was approved by the 

University of Bath Research Ethics Approval Committee for Health [Reference: EP 19/20 055]. 

 

Following data collection of training load and injury, a purposive sample of 3 coaches (Table 6.1) 

who’s gymnast(s) had participated in the study, were invited via email to participate in individual 

interviews. These coaches were acquainted with the principal investigator and knew of the principal 

investigator’s role at British Gymnastics prior to interviews. 
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Table 6.1 Coach characteristics 

 

 

6.2.3 Training load 

Each gymnast received a training capture form via email (Appendix 7) and was asked to complete the 

form for each training session following their return to gymnastics training in a gym. Gymnasts were 

asked to record separate duration (min) and rate of perceived exertion (RPE [0-10]) (Foster et al., 2001, 

Foster et al., 2021) scores for each apparatus or activity (Trucharte and Grande, 2021) to account for 

the variance in demands of each apparatus/activity. As single gymnastics training session can be long 

in duration (3-4 hours) and involve multiple activities, the provision of an RPE for each 

apparatus/activity was therefore encouraged. An RPE scale with verbal anchors was provided for each 

gymnast (Foster et al., 2001).  Trampoline gymnasts were also asked to record the total difficulty of 

skills for each trampoline session as requested by National Trampoline Coaches. 

 

6.2.4 Injury 

Gymnasts were instructed to report details of any pain or injury (i.e., location) for each 

apparatus/activity. Additionally, gymnasts reporting any pain or injury were requested to complete the 

updated Oslo Sports Trauma Research Center Questionnaire on Health Problems (OSTRC-H2) (Clarsen 

et al., 2020, Clarsen et al., 2013) at the end of each week. Only gymnasts reporting any pain or injury 

were requested to complete the OSTRC-H2 questionnaire as a means of reducing burden and 

encouraging study buy-in. Injury was defined in this study as any physical complaint reported by the 

gymnast using the OSTRC-H2 questionnaire as a consequence of rapid or repetitive transfer of kinetic 

energy, regardless of whether it received medical attention or consequently influenced training. Blisters 

and skin tears were excluded from the study as these superficial injuries are not deemed performance 

limiting. An injury was defined as substantial if it resulted in moderate or severe reductions in sports 

performance or training, or time loss (Clarsen et al., 2014, Gram et al., 2020, Clarsen et al., 2013). An 

injury was described as a ‘niggle’ if it did not result in moderate or severe reductions in sports 

performance or training, or time loss. Illness and any medical conditions were excluded from the study. 

 

6.2.5 Interviews 

Interviews were conducted by the principal investigator (see chapter three for personal characteristics) 

who had been embedded into the National Governing Body since March 2018. The principal 

 Gender Discipline Qualification Gymnast Programme Home Nation 

Coach 1 Female WAG Level 5 Foundation/Development England 

Coach 2 Male TRA Level 4 Junior Scotland 

Coach 3 Male MAG Level 3 Foundation Wales 
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investigator had previous experience of conducting interviews through focus groups. The wider 

research team were aware that findings from the interviews may be influenced by the principal 

investigator’s role within the National Governing Body. 

 

Following the collection of training load and injury data, 3 coaches took part in a single, individual 

interview between the 18th and 21st December 2020 using an online video platform (Microsoft Teams, 

Version 1.3.00.33671, Microsoft 2020). Audio was recorded using a sound recording application 

(Audacity®, Version 2.4.2). Prior to interviews, a pilot interview was completed with a National 

Trampoline Coach. Only the principal investigator (interviewer) and individual coach was present 

during the interview.  

 

Similar to the protocols employed by Cumming et al. (2018) and Patel et al. (2020), both written and 

verbal methods were used in the interviews. At the start of the interview, the coach was instructed to 

‘write three words to describe what coaching gymnastics has been like since returning to the gym from 

lockdown one’. The coach was then asked to elaborate on each word, where conversation from the 

activity led into the main interview. The purpose of the broad question and task was to stimulate 

conversation and aid transition to the main interview section. The interview itself was semi-structured 

in design and was based on experience, practice, performance and injury since returning to a gym 

environment following the first national lockdown (Appendix 8). The semi-structured design of the 

interview allowed for flexible questioning and an opportunity to explore topics further. Additional field 

notes were made only to guide the flow of the interview. 

 

6.2.6 Analysis 

Descriptive statistics were calculated for gymnasts, training load and injury. Only gymnasts completing 

a minimum of 10 weeks of data were analysed as this was deemed a reasonable amount of data for 

analysis. The final week of data was omitted for each gymnast if a full week was not recorded to 

eliminate any misrepresentations of week-to-week changes. Training load data was capped if over half 

of a training week of duration or RPE data were missing (15 weeks omitted in total). Session-RPE 

(sRPE) [duration x RPE] was calculated for all training sessions. Missing RPE data (1% of 7916 

reported training sessions/activity), was estimated from RPE of similar and recent training sessions. 

This method was chosen as it was deemed the most representative method for replacing missing RPE 

data and preserves the relationship of the variables inputted into the model. Training load was analysed 

as week-to-week changes of total weekly load, expressed as a percentage value. 

 

The OSTRC-H2 questionnaire was used to calculate the prevalence and severity of an injury for each 

week. Missing OSTRC-H2 questionnaires (10% of 130 the questionnaires used in the study) were 

estimated from details of reported pain or injury. OSTRC-H2 questionnaires with inconsistent answers 
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(24% of 130 questionnaires used in this study) were corrected in accordance with details of reported 

pain or injury (e.g., If an athlete selected ‘full participation without health problems’ but also selected 

symptoms as ‘to a mild extent’ or if the questionnaire reflected the day of the injury rather than the 

week). Prevalence of injury was calculated for each week by dividing the number of gymnasts reporting 

an injury using the OSTRC-H2 questionnaire by the total number of gymnasts who completed a training 

capture form for that week of training. The same calculation was applied to calculate the prevalence of 

a substantial injury.  

 

Descriptive statistics and statistical tests were performed using R Studio (version 3.3.6, The R 

Foundation for Statistical Computing Platform, Vienna, Austria), using the ‘lme4’ package for 

modelling training load and injury (Bates et al., 2014). To remove potential skewing of results, outlier 

week-to-week changes were omitted if greater than 3 SD away from the mean. Week-to-week change 

values were offset by one week, such that a given week-to-week change value was associated with 

injury risk in the subsequent week (due to the impact that an injury in a given week would have on the 

loads undertaken that week). Generalised linear mixed-effects models were used to model the 

associations between week-to-week changes in training load and a substantial injury and, the 

association between preceding injury (niggle or substantial injury to a different body part) and a 

substantial injury in the subsequent week using a binomial distribution and complementary log-log link 

function. Week-to-week changes were modelled as a numeric fixed effect and gymnast ID was 

modelled as a random effect.  

 

Interviews ranged between 23 and 64 minutes (average = 38 min). Interview audios were manually 

transcribed verbatim for analysis. All identifiable names were anonymised and replaced with 

pseudonyms. Transcribed interviews were analysed manually by the principal investigator in Microsoft 

Excel (Microsoft Excel for Mac, Version 16.21, Microsoft 2018) using an inductive thematic analysis 

approach. The procedure used was similar to the one described by Braun and Clarke (Braun and Clarke, 

2006). Following the transcription of all interviews, the principal investigator familiarised themselves 

with the data by rereading the transcripts. Data was then initially coded through open coding, where 

some excerpts of data were coded with multiple codes. Codes with similar concepts were subsequently 

grouped together. These groups formed themes and sub-themes. Themes and sub-themes were 

reviewed, defined, and named (Braun and Clarke, 2006). Individual interview transcripts with initial 

interpretations were emailed to each coach. Coaches were given the opportunity to clarify 

interpretations and include additional comments if required. This practice was used as a method of 

reflexivity to enhance the trustworthiness of interpreted data. 
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6.3 Results 

 

6.3.1 Participant characteristics 

Twenty-six (11 male; 15 female; age 11.9 ± 1.7 years) gymnasts (Table 6.2) recorded training load and 

injury for a minimum of 10 weeks as they returned to training in the gym after the first national 

lockdown. No gymnasts tested positively for COVID-19.  An additional 19 (10 male; 9 female) 

gymnasts were excluded from analysis. Of these 19 gymnasts, 17 gymnasts recorded less than 10 weeks 

of data or provided inconsistent data, 1 gymnast formally withdrew from the study and 1 gymnast retired 

from gymnastics. Characteristics of the coaches who were interviewed can be found in Table 6.1. 

 

Table 6.2. Gymnast characteristics 

WAG – Women’s artistic gymnastics; MAG – Men’s artistic gymnastics; TRA – Trampoline gymnastics. Age: Min-Max; 

Mean ± SD (Age at start of individual data collection). Programme: GBR performance pathway programme as of March 2020. 

 

 

6.3.2 Descriptive characteristics of lockdown, training load & injury 

An average of 16.3 ± 3.8 (± SD) weeks of training load and injury data were analysed for each gymnast. 

Weekly changes in training load varied between each week and each gymnast (Figure 6.1). Overall, 

the average change of weekly training load throughout the data collection period (weeks 2 to 20) was 

18.7% ± 26.8% (± SD). During the data collection period, a total of 430 (average ± SD; 15.9 ± 15.7 per 

gymnast) days were recorded in an additional lockdown, isolation or when a gymnast had substantially 

restricted access to the gym (less than half of weekly sessions). Weekly changes in training load 

following additional lockdown, isolation or substantial restriction differed between gymnasts (Figure 

6.1). On average, weekly training load changed by 109.8% ± 140.7% (± SD) following an 

aforementioned restriction.  

 

The average weekly prevalence of  an injury (any physical complaint) and the average weekly 

prevalence of a substantial injury was 28% (95% CI 23 to 34) and 11% (95% CI 8 to 13), respectively. 

The prevalence of a substantial injury was highest in week 3 (Figure 6.2) The most commonly 

described area for an injury to occur (weekly prevalence through the OSTRC-H2 questionnaires) was 

the lower extremities (59.1% [knee (20.1%), ankle/foot (19.5%), shin (7.9%), heel (6.7%), calf (1.8%), 

Discipline Age (yrs.) Programme Home Nation 

WAG (n=9) 
9 - 12 

10.5 ± 1.1 
Foundation (n=8) 

Development (n=1) 
England (n=7) 
Wales (n=2) 

MAG (n=5) 
10 - 14 

11.8 ± 1.5 

Foundation (n=3) 

Development (n=2) 

England (n=4) 

Wales (n=1) 

TRA (Male=6; 

Female=6) 
10 - 15 

12.8 ± 1.5 

Foundation (n=2) 

Development (n=7) 
Junior (n=3) 

England (n=10) 

Scotland (n=2) 
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groin (1.2%), hamstring (1.2%), hip flexor (0.6%)], followed by the elbow (11.6%), shoulder (11.0%), 

wrist (6.7%) and chest/rib (6.1%). Other injury locations included back (3.0%), neck (1.2%), arm 

(0.6%) and thumb (0.6%). Discipline specific averages of training load and injury characteristics can 

be found in Table 6.3 
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Figure 6.2 Weekly prevalence of a substantial injury. Prevalence ± SE  
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Figure 6.1 Individual gymnast’s weekly training load (sRPE). Blue bars represent training during additional 

lockdown, isolation or when a gymnast had substantially restricted access to the gym (less than half of weekly 

sessions).   
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Table 6.3 Discipline specific training load and injury characteristics 

WAG – Women’s artistic gymnastics; MAG – Men’s artistic gymnastics; TRA – Trampoline gymnastics.  

Average % ± SD (Percentage change in weekly training load, Percentage change from restriction to gym). Average % [95% 

CI] (Weekly prevalence of any physical complaint, Weekly prevalence of a substantial injury). 

 

6.3.3 Interaction between training load, substantial injuries and niggles 

There was no significant association between week-to-week changes in training load and the risk of a 

substantial injury in the subsequent week (P=0.441) (Figure 6.3). However, there was a significant 

Characteristic WAG MAG TRA 

Change in weekly training load 12.9 ± 22.7 17.0 ± 31.8 22.0 ± 47.7 

Change from restriction to gym 37.9 ± 22.6 105.0 ± 120.2 221.3 ± 204.3 

Weekly prevalence of any physical complaint 33 (25 to 41) 21 (12 to 31) 27 (21 to 36) 

Weekly prevalence of a substantial injury 8 (3 to 13) 7 (2 to 12) 13 (11 to 16) 
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Figure 6.3 Interaction between week-to-week changes in training load and the estimated risk of a 

substantial injury. Shaded area represents 95% CI.   
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association between a preceding injury (niggle or substantial injury to a different body part) and risk of 

a substantial injury in the subsequent week (RR: 5.29, P=0.011) (Figure 6.4). 

6.3.4 Interview themes 

 Six core themes and three sub-themes were identified through inductive thematic analysis using the 

interview guide as guidance. Definitions of the core themes can be found in Table 6.4. 

 

Table 6.4 Definitions of core themes 

Theme Definition 

Lockdown 
Experience and practice during the first initial 

lockdown 

Challenges of returning to training in the gym 

SUB THEMES: Rules & restrictions 

 

Challenges faced by coaches and gymnasts when 

returning to training in a gym environment 

Return to training – Practice 

SUB THEMES: Monitoring training, Full training 

The practice of returning to full training in a gym 

environment 

Niggles and injuries 
Niggles and injuries experienced whilst returning to 

training in a gym 

Additional lockdowns or isolation 
The influence and experience of additional lockdowns 

or isolation 

Influence on development 
Coaches’ perspective on gymnastics short and long-

term development 
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Figure 6.4 Association between any physical complaint (niggle or substantial injury to a different 

body part) in the preceding week and the estimated risk of a substantial injury. Estimated risk ± 95% 

CI.     
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Lockdown  

Home training during lockdown was discussed by all three coaches. This included individual training 

and group sessions on zoom. All three coaches expressed the benefits of training during lockdown from 

both a physical and mental perspective. In particular, coaches highlighted the positive impact that home 

training had on their gymnasts when they returned to training in the gym. Additionally, the MAG coach 

articulated the benefit of lockdown itself on his older gymnast in terms of rest and recovery. 

Specifically, this gymnast was deemed to be in a period of rapid growth prior to lockdown.  

 

‘So even when we weren’t on the trampoline having that bit of, and I know there’s the physical side of it as well 

but mentally that he came home buzzing new PB today I'm doing my 150 deadlift…’ (TRA coach) 

 

‘Ria in particular came back really fit, she was probably stronger than before, she had been running every day 

in that lockdown and she was really lean and found everything easy, and so it was great she was the dream doing 

things she couldn’t do before.’ (WAG Coach) 

 

‘When we first started back, I was quite surprised at how well they did I was expecting them to take longer to get 

certain skills back or certain level of fitness, but I think I underestimated how much the zoom sessions helped.’ 

(MAG Coach) 

 

‘Yeh actually my older gymnast, one of my oldest gymnasts he is 14, 15 - 14-15, he came back and said I think the 

break was really good for me, erm because I think, I think he's going through that period of growing, and his body 

was aching, and found a lot of things very difficult before the lockdown and came back really, really quick I 

thought, and progressed quite quickly in terms of getting some new skills where I thought we wouldn’t be doing 

that for a long time, he came out of nowhere, for me I was a bit taken back by it but he said, he told me it's because 

he had the rest, his body recovered.’ (MAG Coach) 

 

Challenges of returning to training in the gym 

A number of challenges were articulated by coaches when they were able to return to training in a gym 

environment. One of the common challenges expressed by coaches was knowing how quick to progress 

training alongside managing the speed of which the gymnast wanted to progress. Both the WAG and 

TRA coach also highlighted the growth of some gymnasts as a challenge when returning to training in 

the gym. Other challenges included gymnasts coming back at different abilities both physically and 

mentally, and challenges faced with unknown time frames, particularly in regard to competitions getting 

cancelled. 

 

‘it was finding my feet, it was how quick do we do something because let’s be honest, I'm sure Marcus and all the 

other ones in junior squad and senior squads, all other gymnasts was like right I want to do this and I want to do 
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it today and I want to do that, it’s been so long no, no, no we have to take it [slow] even just building up’ (TRA 

Coach) 

 

‘I think what was difficult was even though we had all this guidance for a safe return to training, I think it was 

really hard to stick to that religiously when you saw other clubs on either on social media completely going 

against that and I was like, how is this happening and how are they doing that erm so that was a bit of a struggle 

because it's like what you know is right versus what it's trying to keep up with everyone else.’ (MAG Coach) 

 

‘Maybe not holding back as much as I did erm not really in terms of the hours and the physical stress more in 

terms of the skill I wasn’t sure whether, unsure whether they could still do some of the stuff… but they were maybe 

progressing a bit quicker and I was a bit uncomfortable to let them progress as fast as they wanted to…’ (MAG 

Coach) 

 

‘The only one who struggles was Libby, who had probably hadn’t done as much as she, she would of like to have 

done over the first lockdown and when she came back, she had lost skills and she had grown a lot, she had grown 

the most out of all of them’ (WAG Coach) 

 

Rules & Restrictions 

Rules and restrictions were a specific challenge faced by all three coaches as they returned to training 

in the gym. These included late and/ or limited access to training venues, the banned use of foam pits 

and inability to support gymnasts from both a safety and confidence point of view. These rules & 

restrictions became a challenge when planning a safe return to gymnastics training. 

 

‘Challenging because when we first went back in the gym we had limited hours erm due to the gym wanting to fit 

everyone else all the squad groups, all the rec programmes preschool and that and in Wales the rules were quite 

erm really strict in terms of the numbers of in the gym at any one time regardless of the size of the facility… and 

more so in the gym the whole no supporting rule was an issue, not an issue, just again limiting what we were able 

to do with the gymnasts safely, the whole no foam pits thing that was an issue’ (MAG Coach) 

 

Return to training – Practice 

All three coaches described their return to training process as gradual, taking onboard the advice given 

from National Governing Bodies and experts in gymnastics. Across the board, coaches started with 

basics and/or conditioning for the first few weeks before building up skills. In particular, the TRA coach 

emphasised breaking down skills further than normal. Although training was gradual, the MAG coach 

did add ‘if the gymnast said can I try this, I feel good, I would let them if they felt they were ready to do 

go further, quicker than my plan erm because in my mind I've never been through this before and I was 

maybe too cautious and maybe holding back a bit too much.’. 
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‘We had a very, very gradual programme based on what [National Coach] said in the zoom session we had with 

him and what [Expert Coach] had done… So right back for the first couple of weeks just did conditioning but on 

pieces…handstand work, shaping work, backward rolls and preps rather than actual skills. We broke everything 

right down, so they were working on everything like plyometrics especially for their ankles erm for the first few 

weeks and then increased it by 15% each week.’ (WAG Coach) 

 

‘Normal time we would of still done brilliant basics but we wouldn’t have gone right back to that very first half 

to crash piece that you would expect that with being something the kids would do in there, and your gymnast was 

doing in their NDP 5 or 4 or something like that there.’ (TRA Coach) 

 

Monitoring training 

During the data collection period, coaches were asked to monitor internal training load using sRPE. All 

three coaches commented on the benefit of using RPE and how it was used to influence training. This 

included stimulating conversation with their gymnasts and modifying training. Additionally, the WAG 

coach discussed monitoring elements of external load such as ‘vault impacts so every time they hit the 

vault and that went up by 15% each week. Long swing actions on bars. On floor it was landing hard 

landings and onto soft they could do more but we strict on how many hard landings they did and impacts 

on the beam.’ The WAG coach also collected wellness measurements at the start of each training session 

and an RPE at the end. None of these variables of load were previously monitored prior to lockdown. 

All three coaches expressed that they would like to continue monitoring internal training load variables 

in the future. 

 

‘If it is anything above a 5, I'll go right let’s move on erm so yeh I sometimes cut pommel a bit short if I felt that 

it wasn’t worth carrying on because the quality was decreasing because they were aching a little bit.’ (MAG 

Coach) 

 

‘So, the RPE one that you did with the numbers so we take it first, erm I used that there to guide what the next 

session was going to be, and I say that there we already had a plan, but I might have had to adjust it’ (TRA Coach) 

 

‘Since the lockdown all of our gymnasts not just our squad ones do a wellness questionnaire at the beginning so 

they give us a score out of 10 on how well they have slept their mood, energy levels and at the end of the session 

they do a RPE for the whole session so we've had that as well and we will keep doing that, it’s definitely useful to 

see when the girls come in in a bad mood and see that say they haven’t slept…then we can adjust our expectations 

of them.’ (WAG Coach) 

 

‘But physically saying how hard do you think you worked today it's not something I ever asked them you know if 

they turn around and say actually, I thought it was a doddle I'm like oh well we should of been changing that right 

up... I'll definitely use it.’ (TRA Coach) 
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Full training 

The time period to return to full training (volume and ability) differed between coaches. The WAG 

coach suggested her gymnasts were at a similar ability of gymnastics but was not able to reach the same 

volume (in reps per session) on all the pieces before the second lockdown (~15 weeks). The MAG 

coach described his gymnasts to reach full training volume (in hours) to be between 6-8 weeks and 12 

weeks to return to a similar ability prior to lockdown. The TRA coach described his gymnast to return 

to a similar amount of volume (measured in contacts) and ability within 9-10 weeks. 

 

‘Where we started at before lockdown, what we were doing an average number of reps per session and how long 

it took us to get back to that. Bars and Beam we got back to I think in about 10 weeks to when we were back to 

completely normal on those, but vault and floor we weren’t back to normal when we shut down again … but we 

thought it was going to be week 17 we were going to completely normal for everything.’ (WAG Coach) 

 

‘I think it took we got back in the gym late August and I think by roughly mid-October I think we were heading 

towards normal hours again… for the majority of the group I'd say by November they were all pretty much back 

to where they were in March roughly, maybe bar one or two skills, erm but I'd say by November so from late 

August to November it took.’ (MAG Coach) 

 

‘because we are back to it the same routine literally, he was doing before lockdown’ 

‘between week 9 and 10 is when we back at the same amount of contacts that we were doing’ (TRA Coach) 

 

Niggles and injuries 

All three coaches described their gymnasts to experience niggles, with only one WAG gymnast 

experiencing both an ongoing and acute injury, whilst returning to training in the gym. Coaches 

expressed their caution towards niggles and injuries when returning to training in the gym and explained 

the purpose for increasing training gradually was a means of reducing the risk of any injuries. This 

gradual approach was reflected on by the TRA coach when his gymnast experienced niggles following 

a sudden increase in training. 

 

‘We were worried they would come back after lockdown having not done gym for so long and suddenly get injuries 

and that didn’t happen so hopefully going so slowly was worth us frustrated.’ (WAG Coach)  

 

‘I know we did far too much…so there’s 13 hours worth of stuff and we are only back 3 weeks…he just wanted to 

get much done as possible and to be fair I wanted to get as much done as possible because we were just back and 

it was great, not in the head thinking actually we're forgetting we haven’t done this for x number of weeks and we 

are relying on gymnasts to go well actually I'm feeling a bit sore now I'm feeling a bit tired’ (TRA Coach) 
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Additional lockdowns or isolation 

The experience of additional lockdowns or isolation during the data collection period varied between 

all three coaches. This was attributed to the differing motivational levels of individual gymnasts, 

whether their gymnasts had to isolate and the home nation of the club. The WAG coach interviewed in 

this study was based in England. Although none of her gymnasts had to isolate, England went into a 

second, 4-week lockdown. Motivational levels during and following the second lockdown differed 

between gymnasts. 

 

[Ria] ‘But sadly, that hasn’t lasted because over the second lockdown. We were doing really well and then the 

second lockdown I think she was just destroyed; she was so disappointed that when compulsory 1 was cancelled 

that she had been working towards. Not sure she did much of home training, she says she did but the gymnast that 

came back was very different to that the gymnast that had left after only 4 weeks. So, the long period she came 

back better than the 4 weeks could have just been a holiday.’  

[Libby] ‘She's done a lot better this time, flipped side, opposite to the others. This time I think she realised that 

she made a mistake last time. So, this lockdown she did work a bit harder has come back more determined.’ (WAG 

coach) 

 

The MAG coach interviewed in this study was based in Wales and during the data collection period 

experienced local lockdowns and a 2-week lockdown (‘circuit breaker’). In addition, some of his 

gymnasts had to isolate. Overall, motivation was perceived as constant but the varying level of 

gymnastics between individuals became challenging. The coach described a continuation of home 

training during any lockdown or isolation and would then spend ‘probably at least a week of building 

back up’ when returning to a gym environment. 

 

‘I think then when in Wales we had a lot of local lockdowns so certain gymnasts were out of the gym and back in 

the gym at different times and that was a nightmare, I think I didn’t really notice a massive difference in motivation 

but like there was definitely, a definite variance in the level of gymnastics’ (MAG coach) 

 

‘So, as well as doing zoom sessions I would and I’d plan out how I would get round all the kind of key areas of 

conditioning…also do some skill related stuff…so they have some kind of memory of the skills they were doing 

and then when they came back in I would just really take it at their pace and I'd ask how they are feeling…just 

base it off their response and how they look and how they feel and I would push them at their own level really’ 

(MAG Coach) 

 

Conversely, the TRA coach interviewed in this study was based in Scotland, which did not implement 

any additional lockdowns during the data collection period. The gymnast also did not have to isolate 

during this time. The coach described his gymnast as ‘very self-motivated in himself’ and believed that 
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his gymnast would be able to cope in the future if he was no longer able to train through Scottish and 

Great Britain elite athlete exemption. 

 

‘I don’t think it'll affect him that much; I mean he'll be annoyed like everybody will be like I don’t get to go on the 

trampoline… Scottish Gymnastics said if we end up going into tier 4 properly for a length of time, we will try and 

do something to get us in… like I say, he's mentally strong enough to get able to get past that but, and I'm fine, I 

think he's going to be fine.’ (TRA Coach) 

 

Influence on development 

Similar views were shared by all three coaches regarding the influence of lockdowns on their gymnasts’ 

short and long-term development. Coaches explained that although lockdowns had influenced their 

gymnast’s short-term development, overall, their gymnasts’ long-term development (i.e., development 

to becoming an elite gymnast) would not be affected. 

 

‘In terms of the pathway, particularly about the elite grades and stuff, that's gonna, I believe, affect them massively 

because they've had a year out of doing their current grade, they've now got to jump from that to the next one in 

2021, which is fine ok you could just start that now but they missed that year development, that progressive build 

up to that grades, so those on that grades pathway that will have a big impact, the whole not competing for over 

a year was, I believe, will definitely have an impact. I think more in the short term this is going to be an issue, I 

think long term as long as they are still in the sport and they are healthy I don’t think there’s so much of a rush if 

I just think of what I need to get them to a senior level actually I can take my time a bit.’ (MAG Coach) 

 

6.4 Discussion 

 

The overall aim of this study was to observe and explore how competitive, young gymnasts returned to 

training in the gym following the UK’s first national lockdown in light of the COVID-19 pandemic. 

Through implementation of a convergent-parallel mixed-method design, the study captured training 

load and injury measures during the return to training process followed by interviews with coaches to 

supplement and further understand the experiences of returning to training in the gym. Week-to-week 

changes in training load were not associated with injury risk, however, an injury (niggle or substantial 

injury to a different body part) in the previous week was significantly associated with an increased risk 

of a substantial injury. Lockdown, challenges of returning to training in the gym, return to training – 

practice, niggles and injuries, additional lockdowns and isolation, and influence on development were 

identified as the six core themes discussed by coaches.  

 

Training at home during lockdown was seen as particularly beneficial on maintaining a level of fitness 

and proving advantageous when returning to training in the gym. Home training included, but was not 
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limited to, strength and conditioning, flexibility, plyometrics, high intensity interval training (HIIT), 

and cardiovascular activites (cycling, running). Artistic gymnasts also incorporated ballet and 

gymnastics specific conditioning (e.g. handstands, shaping etc) into their training during lockdown.  

This notion is aligned with previous research, where high intensity interval training has been found to 

help maintain fitness during an offseason (Slettaløkken and Rønnestad, 2014, Rønnestad et al., 2014). 

Lockdown was also described by one coach as a period of rest and recovery for a gymnast experiencing 

rapid growth prior to lockdown. Typically, gymnastics training is comprised of year long, intense 

training, however, additional periods of rest or less intense training could benefit gymnasts experiencing 

periods of rapid growth. During the growth spurt, youth athletes are found to be at a greater risk of 

injury and often experience awkwardness during this time (Quatman-Yates et al., 2012, DiFiori et al., 

2014, Johnson et al., 2019). In comparison, coaches found gymnasts who had experienced rapid growth 

throughout lockdown as a challenge when returning to the gym. Gymnastics coaches have previously 

described a temporary loss of skill associated with periods of rapid growth as challenging (Patel et al., 

2020). In addition, the rules and restrictions imposed in order to maintain a COVID secure environment 

was expressed as challenging whilst returning to gymnastics in the gym. Restrictions included late and 

or limited access to facilities, banned use of foam pits and the inability to support gymnasts. 

 

In general, coaches started with basics and conditioning before building up skills. It is, however, unclear 

as to whether coaches assessed their gymnasts at the start and during the return to training. Assessing 

the returning levels of fitness (i.e. flexibility, strength etc) provides a baseline for coaches, which 

therefore will aid the return to training process. A similar battery of testing is often conducted following 

an offseason to understand an athlete’s current level of fitness (Sayers et al., 2008).  The observed week-

to-week changes in training load varied amongst gymnasts. Previous research has found inconsistencies 

between coaches and athletes’ perception of training load in other youth sports (Murphy et al., 2014, 

Brink et al., 2014). Similarly, the discrepancies between perceived gradual increases in training load 

and actual training load could be partly due to differences in prescribed external load and the observed 

internal load of gymnasts (sRPE) collected in this study (Impellizzeri et al., 2020a). Internal load was 

collected as it represents the individual response to external load and determines training outcome 

(Impellizzeri et al., 2019, Impellizzeri et al., 2020a). Coaches interviewed in the study did, however, 

articulate the benefits of using RPE to monitor and manage training, alongside other variables of 

training load. Prior to this study, RPE was not commonly used to monitor training load. It was, however, 

something that these coaches would consider using as a tool to help manage training in the future, along 

with other methods of monitoring training. Currently, the understanding and process of monitoring 

training load in gymnastics varies between disciplines (MAG,WAG &TRA) (Patel et al., 2020), 

therefore further research and coach education is required in this area. 
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The location of injuries was reported most commonly in the lower extremities, which is similar to 

previous research in youth gymnastics (Hart et al., 2018, Patel et al., 2021), however, in this study, 

injuries were most prevalent in the knee. This differs from preceding literature, where injuries are most 

frequently reported to occur in the  ankle (Patel et al., 2021, Hart et al., 2018). The prevalence of a 

substantial injury appeared to be highest during the first few weeks of returning to training in the gym, 

with the highest prevalence of injury observed on week 3. This finding was similar to the high incidence 

of Achilles tendon ruptures immediately following the National Football League (NFL) lockout (Myer 

et al., 2011a). Following the NFL lockout, where athletes had limited access to their clubs, 10 Achilles 

tendon ruptures were recorded within the first 12 days of returning to training, compared to an average 

of 4 that occurs each year (Myer et al., 2011a). The return to training process was described as gradual 

but proved challenging on knowing how quick to progress and managing gymnasts’ expectations of 

progression. On reflection, one coach believed they were over cautious on the progression and perhaps 

could have progressed slightly faster. Increasing training gradually was emphasised as a means of 

reducing the risk of injury. This could partly account for no significant association between week-to-

week changes and the risk of a substantial injury amongst gymnasts. In comparison, large increases in 

absolute week-to-week changes in load have also been found to increase the risk of injury in 

professional rugby players and adolescent Gaelic football players (Cross et al., 2016b, O'Keeffe et al., 

2020). A similar concept was described by one coach, where his gymnast experienced niggles following 

a sudden increase in training load and was therefore something they would have avoided in hindsight. 

The differences in findings may also be related to the small number of substantial injuries recorded in 

this data collection, at least 20 to 50 injury cases are required to detect a moderate to strong associations 

(Bahr and Holme, 2003). Coaches from all disciplines did experience niggles amongst their gymnasts. 

Some of these niggles may be a result of gymnasts experiencing rapid growth (Patel et al., 2021). 

Interestingly, there was a significant association between an injury in the preceding week (niggle or 

substantial injury of a different body part) and a substantial injury. This aligns with the recursive 

element in the web of determinants injury model (Bittencourt et al., 2016) whereby niggles or a 

substantial injury to a different body part may influence the relationship between injury predictors and 

ultimately contribute to an increased risk of a substantial injury occurring. From an applied perspective, 

taking into consideration any injury (including niggles) whilst training may reduce the risk of a more 

substantial injury developing in the following week (Whalan et al., 2020). Research in this area is 

limited and requires further exploration. 

 

Additional lockdown, periods of isolation or substantial restrictions to the gym varied between 

gymnasts. Variations in these additional restrictions were a result of location, elite athlete exception 

(where athletes at a certain level have been given permission to continue training), facility access and 

self-isolation. Although one coach explained how he spent at least a week building training back up 

following an aforementioned restriction, the observed week-to-week changes in training load were 
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varied. A possible explanation for this variation may be the ability of gymnasts to maintain similar 

modes and load when training during these restrictions compared to training in the gym. In addition, 

following restrictions or anticipated restrictions, coaches also articulated differing motivational levels 

of their gymnasts.  

 

Gymnasts were described as returning to their pre-lockdown abilities within approximately 9-15 weeks. 

Coaches shared similar views on the impact of COVID-19 on their gymnast’s long and short-term 

development. Although their gymnast’s short-term development had been affected by COVID-19, 

overall coaches believed that their gymnast’s long-term development of becoming an elite level 

gymnast would not be affected.  

 

6.4.1 Methodological limitations 

The study explores the return to training in a gym following the UK’s initial lockdown in competitive, 

young gymnasts. Due to the nature of the study, only a small number of high-level, gymnasts training 

load and injury data was captured, therefore interpretations should be taken with caution. Similarly, 

only three coaches were interviewed and therefore experiences, and opinions may not be representative 

of all gymnastics coaches. Nevertheless, the mixed methods employed in this study provides a well-

rounded appraisal of returning to training in the gym. 

 

In addition, there are a few limitations in relation to data collection. As the capture forms were self-

reported by gymnasts (with coach or parent assistance), it is unknown whether any training session or 

activities were not reported, whether gymnasts took part in other sports or physical activities outside of 

gymnastics and at what time point the training load forms were completed in respect to training. With 

regards to the Oslo Sports Trauma Research Center Questionnaire on Health Problems, the 

understanding and interpretation of the forms by gymnasts via  parents and coaches may have 

influenced the finding in this study. In terms of RPE collection, there is limited research regarding the 

validity of RPE in youth athletes. A handful of studies in different sports have found sRPE to be a 

consistent and better measurement of internal load in comparison to heart rate in youth athletes (Lupo 

et al., 2016, Lupo et al., 2014, Lupo et al., 2017, Lupo et al., 2020, Vahia et al., 2019, Mann et al., 

2019). However, these studies only include a small number of athletes and therefore should be 

considered when interpreting results. In addition, to overcome the long duration and different demands 

of gymnastics training, it was recommended that gymnasts provided a separate RPE rating for each 

activity (Trucharte and Grande, 2021). However, it is unclear whether sRPE captured in this way or in 

general is a valid method of collecting training load in gymnastics. 
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6.4.2 Implications and future research 

It is anticipated that findings in this study can be considered in future scenarios, particularly when 

young, competitive gymnasts are away from the gym for an extended period of time. It is also likely 

that a number of these learnings could be applied to other high-performance, youth athletes who are 

unable to access facilities for a prolonged period of time.  Gymnasts should be encouraged to continue 

training from home (where applicable) during periods where the gym cannot be accessed, to help 

maintain a level of fitness. This could include strength, sport-specific conditioning, and cardiovascular 

training such as HIIT (Slettaløkken and Rønnestad, 2014).  It is still recommended that any return to 

training is gradual, avoiding any large changes in week-to-week load, to reduce the risk of injury. 

Moreover, coaches should be encouraged to monitor internal loads (e.g., RPE), alongside external 

measures of training load, to help guide and manage the return to training process. Injuries, including 

niggles, should also be taken into consideration in order to reduce the risk of a more substantial injury 

developing. For instance, training load modifications (Horobeanu et al., 2017) and/or prehabilitation 

exercises could be used to prevent ‘niggles’ developing into substantial time-loss injuries. More 

exploration of these concepts from a research and applied perspective is, however, required. 

Interestingly, this study also raises the question as to whether youth gymnastics training is required to 

be intense all year round, particularly for gymnast’s experiencing growths spurts. From a development 

point of view, reduced periods of training and scheduled periods of recovery may contribute to 

gymnast’s longevity (DiFiori et al., 2014). Further research is however needed to explore this concept. 

Future research should also seek to understand the validity and the best possible method of using sRPE 

in gymnastics. 

 

6.5 Conclusion 

 

This study aimed to observe and explore competitive, young gymnasts returning to the gym following 

the first national lockdown in the UK. Training during lockdown was seen as beneficial in maintaining 

a level of fitness. Additionally, lockdown was also perceived as a possible time for rest and recovery. 

Coaches interviewed in this study experienced some challenges whilst returning to the gym including 

rules and restrictions in order to maintain a COVID secure environment. Coaches described a gradual 

increase in training to reduce the risk of injury and this could partly explain a non-significant association 

between week-to-week changes and the risk of injury. Additionally, there was a significant association 

between a substantial injury and an injury (niggle or substantial injury of a different body part) in the 

preceding week. Monitoring training load was seen as useful throughout the return to training process. 

At the time of interview, coaches believed that these gymnasts’ long-term development would not be 

impacted from COVID-19. Learnings from this study can be applied to future situations, particularly 

when gymnasts are away from the gym for an extended period of time.   



 107 

CHAPTER SEVEN 

Discussion 
 

7.1 Introduction 

 

The overall purpose of this thesis was to explore growth and maturation, and training load as risk factors 

of injury in young gymnasts, to inform future practices within gymnastics. Five research questions were 

outlined in chapter one in order to fulfil the aim of this thesis. As a result of the COVID-19 pandemic, 

not all of the research questions were addressed. Therefore, this chapter will begin by discussing the 

main findings presented in chapters three to six, related to both the original research questions and those 

formed as a result of the pandemic. The original contributions to knowledge will also be acknowledged, 

followed by a discussion of the methodologies adopted throughout this thesis. The chapter will then 

end by recognising the practical implications that have emerged from the research and propose areas 

for future work, including efforts towards addressing the final research question. 

 

7.2 Main findings 

 

7.2.1 Addressing the research questions 

Prior to this research, the areas of growth and maturation, and training load as risk factors of injury 

were primarily unknown by British Gymnastics. It was first important to understand the current 

understanding and application with regards to growth and maturation, and training load from those 

coaching gymnastics. This led to the development of the first two research questions: 

 

1. What is the current knowledge, experiences, and practices of coaches with regards to 

growth and maturation and training load in young, competitive gymnasts? 

 

2. How is growth and maturation, training load and injury currently monitored in artistic 

and trampoline gymnastics? 

 

Key findings: 

• Coaches are aware of the physical changes related to growth and maturation in gymnastics. 

• Temporary skill loss or confusion is an identified challenge in gymnasts experiencing rapid 

growth. 

• Increased emotions and a decrease in motivation is also identified as a challenge by coaches 

with gymnasts going through puberty. 

• Coaches believe growth spurts to be one of the main causes of injuries in young gymnasts. 
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• The practice of reducing training load during growth spurts to reduce injury risk is used by 

trampoline coaches. 

• The majority of artistic gymnastics coaches do not monitor training load. However, the majority 

of trampoline coaches monitor training load through gymnast diaries. Many trampoline coaches 

monitor training load by measuring the number of contacts the gymnast makes with the 

trampoline bed. 

• Measuring stature and mass is the most popular method of monitoring growth and maturation 

but varies between coaches, and coaches from different gymnastics disciplines. The attitude 

towards weighing gymnasts is highlighted as a potential barrier. Coaches also identify changes 

in growth or maturation by visual identification, increases in aches and pains, menarche, 

changes in demeanour and increase in shoe size of their gymnasts. 

 

In the first study, the qualitative methods employed were advantageous in that it allowed for a more in-

depth exploration of coaches’ knowledge, experience, and practices with regards to growth and 

maturation, and training load. Understanding the current knowledge, experience and practices of 

coaches was integral for informing future research and coach education requirements. The findings 

highlighted a gap in understanding and practice of monitoring growth and maturation, and training load 

amongst gymnastics coaches. 

 

Although coaches frequently described injuries to occur, previous research highlights there is also 

currently no consensus on how best to collect injury data in gymnastics (Campbell et al., 2019) and 

therefore the true burden of injury is currently unknown. To understand the risk factors of growth and 

maturation, and training load on injury in gymnastics it is important that there is a consistent method 

for reporting injury. Similarly, having a consistent method for collecting injury will aid future injury 

surveillance research in gymnastics, allowing for comparison and a better understanding of the true 

burden of injuries in gymnastics. Therefore this led to the third research question: 

 

3. Can a consensus on injury surveillance be developed in gymnastics? 

 

Key findings: 

• From the literature review, there appears to be no consensus for injury surveillance in 

gymnastics. However, an attempt has been made to develop consensus for injury surveillance 

in artistic gymnastics. 

 

 The second study therefore developed initial consensus recommendations for injury surveillance, 

specifically aimed at artistic gymnastics.  
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Both the adolescent growth spurt and training load have been previously associated with an increased 

risk of injury in youth athletes (DiFiori et al., 2014). However, the individual influences and the 

interactions of growth and training load on injury risk in gymnasts have not been previously 

investigated, and therefore this led to the following research question: 

 

4. Is there an association between growth periods and training load on injury risk in 

gymnasts? 

 

Key findings: 

• The findings in this study show that trampoline gymnasts circa growth spurt are at an increased 

risk of injury compared to their pre- and post-growth spurt counterparts (controlling for 

differential load; P=0.015 and for 7-day exponentially weighted moving average load 

(EWMA7day); P=0.008), with the highest injury risk estimated at 90.2 and 89.9% PAH, 

respectively (circa growth spurt). 

• Trampoline gymnasts with higher weekly loads are also at an increased risk of injury (RR: 1.88, 

95% CI: 1.21-2.91, P=0.005) 

• There is no significant interaction between growth and training load on injury risk in this study 

(differential load; P=0.620, EWMA7day; P=0.089). However, pre-pubescent gymnasts about to 

enter the growth spurt may be at increased risk of injury with higher weekly loads, but 

significance may be limited by the number of gymnasts analysed in this study. 

 

This study was the first to explore the influence of growth and training load as risk factors of injury in 

trampoline gymnastics. This is also one of the first studies to examine the interactions of growth and 

training load on injury risk in youth athletes. The findings in this study highlight both the adolescent 

growth spurt and high weekly training loads as risk factors of injury in trampoline gymnasts. Although 

artistic gymnasts were unable to participate in this study, it is expected that the influence of the 

adolescent growth spurt on injury risk would be similar. The study also reiterates the benefits of 

monitoring growth and training load within gymnastics to help coaches manage the risk of injury in 

their gymnasts. With a better understanding of the adolescent growth spurt and training load as risk 

factors of injury in gymnastics, it is in the best interest of key stakeholders (coaches, gymnasts and 

British Gymnastics) as to whether the risk of injury, from the aforementioned risk factors, can be 

reduced.  Therefore, this informed the final research question: 

 

5. Can training be modified during the adolescent growth spurt in competitive gymnasts in 

order to reduce the risk of injury? 
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Unfortunately, the final research question was unable to be addressed as a result of the COVID-19 

pandemic. Although gymnasts did return to gymnastics training during the development of this thesis, 

it was agreed that conducting a feasibility study during this time would largely be influenced by the 

return to training process. However, the research question is addressed in the future research section of 

this chapter. 

 

7.2.2 Additional research findings 

In light of the COVID-19 pandemic, the programme of work was adjusted to accommodate the barriers 

faced during this time. The studies discussed below remain in line with the core topics of growth and 

maturation, training load and injury in gymnastics. 

 

Modelling the relationships between training load, injury, and performance in trampoline 

gymnastics: A seven-month retrospective cohort study 

 

Key findings: 

• Training load was not associated with injury, regardless of the variable, method of analysis or 

injury definition. However, a relationship may exist between higher weekly training loads, 

measured using session rating of perceived exertion (sRPE), and the risk of all medical attention 

injuries (RR: 3.22, 95% CI: 0.97 – 10.64, P = 0.056), but may be limited by the number of 

gymnasts and injuries in this study. 

• The relationship between training load and a marker of performance could not be clearly 

modelled using a dose-response model (R2 = 0.15 ± 0.2, RMSE = 0.02 ± 0.01).  

 

The exploration of training load on performance and injury in trampoline gymnastics provided an 

opportunity to further understand the influence of training load in this specific discipline of gymnastics. 

The data used in this study was based on Great Britain’s senior trampoline gymnasts, where training 

load data is most readily collected. The study was the first to apply the dose-response model within 

trampoline gymnastics. Although findings were predominantly inconclusive, a potential relationship 

found in this study between training load and injury is similar to findings in part one of chapter five. 

Higher weekly loads (sRPE) may be associated with an increased risk of injury in trampoline 

gymnastics, where the definition of an injury includes ‘medical attention’ injuries that may or may not 

require the modification of training. It is important to include injuries that do not require the 

modification of training, commonly referred to as ‘niggles’, as they can often lead to a more serious 

injury (Whalan et al., 2020).  

 



 111 

A mixed-methods analysis of return to gym-based gymnastics training in the UK following the 

first COVID-19 national lockdown 

 

Key findings: 

• Training during lockdown was perceived as beneficial for maintaining a level of fitness and 

lockdown was also seen as a possible time for rest and recovery. 

• Training was described as gradual as means of reducing the risk of injuries and may partly 

explain the lack of significant association between week-to-week changes in training load and 

the risk of injury. 

• The risk of a substantial injury (moderate or severe impact on training or performance) 

increased when gymnasts presented with a ‘niggle’ or substantial injury to a different body part 

in the preceding week (RR: 5.29, P=0.011). 

• Monitoring training load using internal measures such as sRPE was described as beneficial 

during the return to training process. 

• Coaches believed the disruption to training had impacted their gymnasts’ short-term 

development but not their long-term development. 

 

The COVID-19 pandemic provided a unique opportunity to observe and explore the process of 

returning to training in the gym following the first national lockdown in the UK. The utilisation of 

mixed methods was crucial for developing a complete understanding of returning to training in the gym. 

Lockdown was seen as period of rest or recovery, particularly by a coach whose gymnast who was 

experiencing a period of rapid growth prior to lockdown. Therefore, the concept of reducing training 

load for gymnasts circa growth spurt should be considered in the future. Another interesting finding in 

this study was that there was an increased risk of a substantial injury when a gymnast presented with a 

niggle or substantial injury to a different body part the week before. This reiterates the importance of 

taking into consideration all types of injuries including niggles whilst managing athlete training.  

 

7.3 Original contribution to knowledge 

 

Outlined below are the original contributions this thesis has made to existing knowledge: 

 

• Recognition of the current knowledge, challenges and practices of coaches with regards to 

growth and maturation, and training load in artistic and trampoline gymnastics in Great Britain. 

• Providing initial, international consensus recommendations for injury surveillance in artistic 

gymnastics. 
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• A novel investigation of the interactions between growth, training load and the risk of injury in 

youth athletes. 

• Highlighting the relationship between growth spurts, training load and injury risk in trampoline 

gymnasts. 

• Application of the Khamis-Roche method to monitor growth spurts in gymnastics. 

• Exploration of different training load variables that can be used in trampoline gymnastics and 

their association on performance and injury risk. 

• A unique observation of pathway gymnasts and experiences of coaches returning to training in 

the gym following the first UK lockdown as a result of the COVID-19 pandemic. 

• Identifying the importance of considering all types of injuries, including ‘niggles’, as a means 

of reducing the risk of a more substantial injury in gymnastics. 

• Application of monitoring training load in artistic and trampoline gymnasts using sRPE, 

specifically by using separate sRPE for individual activities/apparatus in artistic gymnastics. 

 

7.4 Discussion of methodological implications 

 

Throughout this thesis, a variety of methods were employed to appropriately investigate the research 

problems presented. Major methodological challenges did, however, lie within the lack of injury 

definitions in gymnastics and no clarification as to how training load should be monitored in 

gymnastics. Currently, in gymnastics there is no consistent methodology for injury surveillance 

(Campbell et al., 2019), and subsequently no clear definition of injury. Typically, injury definitions 

used in other sports define injury with a time-loss definition, whereby an injury is only recorded if it 

results in a period of time-loss (Fuller et al., 2007, Fuller et al., 2006). However, in gymnastics time-

loss injuries would not account of a number of injuries, as due to the nature of the sport, gymnasts are 

able to modify training whilst injured. For example, if a WAG gymnast had an ankle injury, they would 

still be able train and compete on the uneven bars. Moreover, a number of injuries sustained in 

gymnastics, particularly in young gymnasts (Hart et al., 2018), are gradual onset/overuse injuries and 

therefore would not always be captured through a time-loss definition. The thesis used both an ‘all-

complaints’ and ‘medical-attention’ injury definition, including a separation between injuries that 

required modification to training and those which did not. An ‘all-complaint’ definition of injury was 

employed where injury was self-reported within a club environment, whereas a ‘medical-attention’ 

definition of injury was employed in part two of chapter five as injury surveillance in senior gymnasts 

occurs via a medical practitioner. Similar definitions of injury in gymnastics are promoted within the 

consensus recommendations made in chapter four. It is, however, crucial that the definition of injury is 

considered when interpreting the findings in this thesis and, in comparison to other injury research. 
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The research and methods pertaining to monitoring training load in gymnastics is currently limited and 

varied (Burt et al., 2010, Sartor et al., 2013, GAO et al., 2009a, van der Eb et al., 2013, Trucharte and 

Grande, 2021, Vain and Kums, 2002, Dumortier et al., 2018). Research may partly be limited because 

of practical challenges surrounding monitoring training load in gymnastics. Challenges include 

different demands of each apparatus or activity and the length of training sessions, which can often be 

3-4 hours long. As highlighted in chapter three, there also appears to be a lack of knowledge from 

coaches with regard to monitoring training load. As a result, there is no recommended or consistent 

method of collecting training load data in gymnastics. Session-RPE has been proven to be a reliable, 

valid and ecological tool for monitoring internal training load in a number of other sports (Haddad et 

al., 2017, Foster et al., 2021), and therefore was deemed the most appropriate tool to capture training 

load in gymnastics. In addition, gymnasts were encouraged to provide a separate sRPE for different 

apparatus/activities to account for the different demands of each apparatus/activity and duration of 

training sessions. It was believed this would better represent training load in gymnastics. This method 

of collecting sRPE in artistic gymnastics has only been applied once before (Trucharte and Grande, 

2021). Although sRPE has been shown to be a useful tool in a number of different sports (Foster et al., 

2021, Haddad et al., 2017), it is unclear as to whether sRPE best represents training load experienced 

by gymnasts and may subsequently influence study outcomes.  

 

Alongside using a valid method to collect training load data, chapter six captured injury using the 

updated Oslo Sports Trauma Research Center Questionnaire on Health Problems (OSTRC-H2). The 

OSTRC-H2 is a validated method for self-reporting injuries and illness in sport (Clarsen et al., 2020, 

Clarsen et al., 2013). However, the validity and reliability of both sRPE and the OSTRC-H2 in a youth 

population is unknown. Previous studies investigating the validity of sRPE in youth are both limited 

and have mixed findings. Overall findings suggest that sRPE may be a useful tool for capturing internal 

training load in high intensity activities, such as those involved in gymnastics training, in a youth 

population (Kasai et al., 2020). As the validity of sRPE in youth athletes is equivocal, sRPE 

comparisons between gymnasts was avoided throughout this thesis.  In comparison, the OSTRC-H2 

has yet to be validated in a youth population. Specifically, it is unclear as to whether the questionnaire 

is easily understood by young athletes. To overcome this limitation, the recommended ’gatekeeper’ 

logic for completing the questionnaire was not applied (Clarsen et al., 2020) and, coaches and/ or 

parents were encouraged to support young athletes with completing the questionnaire. The application 

of both sRPE and OSTRC-H2 in a youth population throughout this thesis should be considered when 

interpretating findings. 

 

Finally, it should be highlighted that the sample size included within each study are predominantly 

small in size. This is to be expected as high performing athletes are inherently small in population, 

particularly at the elite level. The number of gymnasts analysed are also low as a result of both the 
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COVID-19 pandemic and the challenge of collecting consistent data outside normal practice. The 

sample size has been acknowledged throughout this thesis as a limitation and therefore further studies 

with a greater number of high-performance gymnasts is warranted; this will likely require collaboration 

between international research groups and governing bodies. 

 

7.5 Practical implications 

 

The primary purpose of this research was to understand growth and maturation, and training load as 

risk factors of injury in young gymnasts, in order to inform future practices in gymnastics and establish 

areas that require coach education. From the research conducted within this thesis, a number of practical 

implications can be taken and applied within gymnastics. Many of these practical implications are 

outside the scope of the original thesis aim but are still related to the core topics of growth and 

maturation, training load and injury in gymnastics. It is believed that coaches, coach educators, sports 

science and medicine practitioners, alongside key stakeholders at British Gymnastics, will benefit from 

applying the knowledge developed from this thesis to ultimately reduce the risk of injuries amongst 

young gymnasts. 

 

In chapter three, the current knowledge, awareness and practices of coaches with regards to growth and 

maturation, and training load presents areas that would benefit from further coach education. The 

knowledge and practice of growth and maturation, and training load is varied and therefore coach 

education is required in these areas. The lack of knowledge and practice of monitoring training load 

from predominantly the artistic gymnastics (MAG & WAG) coaches may be partly due to the limited 

research and subsequently, practical application in this area. Consequently, more applied research is 

required regarding how best to monitor training load in artistic gymnastics. In addition, the 

psychological changes of gymnasts during puberty were expressed as challenging. Further coach 

education with collaboration with sport psychologists may assist coaches with these challenges.  

Concerns were also raised regarding the topic of weighing gymnasts and should be investigated in more 

detail as this is a potential barrier for monitoring growth and maturation. 

 

The aim of chapter four was to begin developing an international consensus statement for reporting 

injuries in artistic gymnastics. The recommendations presented should be used for future injury 

surveillance in artistic gymnastics. These recommendations can be applied by a range of stakeholders 

including practitioners, researchers, gymnasts and coaches conducting injury surveillance. Following 

these recommendations will promote more consistent reporting of injuries, allow comparison amongst 

different studies and therefore understand the true burden of injuries in artistic gymnastics. However, 
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to ensure robust injury surveillance in artistic gymnastics, further consensus recommendations around 

reporting overuse injuries and the prevalence of injuries should be developed.  

 

The outcomes presented in part one of chapter five highlight the need for coaches to regularly monitor 

growth to identify when a gymnast may be circa growth spurt. Coaches and practitioners should be 

educated and encouraged to monitor the growth spurt using the Khamis-Roche method (Khamis and 

Roche, 1994) and flagging gymnasts who are between 85% - 96% of predicted adult height (Parr et al., 

2020). The same method could also be applied to youth athletes in other sports. In addition, coaches 

should consider modifying training for gymnasts flagged as circa growth spurt as a means of reducing 

the risk of injury. Modifying training may include reducing repetitions or increasing the amount of time 

spent on physical preparation. Coaches, gymnasts and practitioners should also be educated and 

encouraged to monitor training load including internal loads (sRPE) and responses to training (e.g., 

muscle soreness and tiredness) as a tool for managing an athlete’s training. In particular, coaches should 

take into consideration those gymnasts experiencing higher weekly loads, as they may be at an increased 

risk of an injury. Furthermore, part two of chapter five reiterates the importance of monitoring training 

load consistently to aid athlete management. 

 

The final study presented in chapter six provided a unique opportunity to observe and explore the 

process of returning to training following the UK’s first national lockdown as a result of COVID-19. 

The learnings from this study can be applied to future scenarios where a gymnast is away from the gym 

for an extended period of time but could also be incorporated into everyday practice. This could include 

injury, illness, an extended break from gymnastics or inability to access a training facility. Gymnasts 

who are out of the gym for an extended period of time should continue to exercise at home (where 

appropriate) to maintain a level of fitness when returning to the gym. Training should also be gradual 

in order to reduce the risk of injuries. It is recommended that coaches or practitioners should use internal 

loads (e.g., RPE or sRPE) and wellness, measures in addition to any external measures of load to help 

guide the return to training process, which can also be applied to everyday practice. In particular, 

providing an sRPE for each apparatus or activity in artistic gymnastics should be encouraged as a 

method of monitoring training load in gymnastics, however further exploration in this area is required. 

In general, sRPE is a reliable, valid, and simple method of monitoring training load (Haddad et al., 

2017, Foster et al., 2021), which can easily be utilised by all coaches and gymnasts. This chapter also 

highlights that all types of injuries, including niggles should be considered when managing training as 

these may lead to a more substantial injury (moderate or severe influence of training and or 

performance).  For example, training load could be modified (Horobeanu et al., 2017) in order to reduce 

the risk of developing an injury that may result in time loss.  
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7.6 Future research 

 

The research presented in this thesis provides a more in-depth understanding of growth and maturation, 

and training load as risk factors of injury in young gymnasts. However, due to unforeseen circumstances 

of the COVID-19 pandemic, not all research questions were able to be addressed. Moreover, the 

outcomes from the fourth research question may only be applicable to gymnasts in the Trampoline 

discipline. The subsequent section will discuss the research questions that should be addressed from 

this thesis. Additional areas of research, that builds on the knowledge developed in this thesis, will also 

be outlined. 

 

One of the key outcomes of chapter three was the variation of knowledge and practice of monitoring 

training load by coaches in gymnastics. This may be in part due to the limited research with regard to 

monitoring training load in gymnastics. Monitoring training load in gymnastics is particularly 

challenging due to cultural beliefs, the demands of different apparatus and surfaces, and the length of 

training sessions. Future research should look to investigate and validate the most appropriate methods 

for monitoring training load in gymnastics. Conversely, a number of trampoline coaches monitored 

training load through training diaries, however, it is unclear as to how this data is used. Subsequently, 

future research should look to investigate the efficacy of monitoring training load in Trampoline 

gymnastics. 

 

The first steps to developing a consensus statement in injury surveillance for artistic gymnastics is 

featured in chapter four. Although strides have been made to promote consistency when reporting 

injuries in artistic gymnastics, further work is required to produce a more robust consensus statement. 

In particular, overuse injuries are commonly reported, especially amongst young gymnasts (Hart et al., 

2018). At present, recommendations for providing details of overuse injuries are lacking and may be 

crucial for understanding the true burden of injuries in artistic gymnastics. Further work should also 

look to provide recommendations for reporting the prevalence of an injury. Currently, the consensus 

recommendations made in this study are directed towards artistic gymnastics. However, gymnastics 

umbrella’s a number of different disciplines such as trampoline and rhythmic. Future work should look 

to provide injury reporting methods in other gymnastics disciplines, which are specific to the demands 

of those sports, to encourage consistent reporting of injuries in other gymnastics disciplines. 

 

For the first time, the individual influence and interaction between growth, training load and the risk of 

injury in gymnastics was investigated. Although the findings in this study contribute to addressing the 

fourth research question in this thesis, the findings are based on a small number of trampoline gymnasts 

over a short period of time. Future research should therefore look to investigate the individual influence 

and interaction between growth, training load and the risk of injury in a larger number of gymnasts, 
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with gymnasts from different disciplines and over a longer period of time to further understand these 

relationships. Overuse injuries in particular are commonly reported in gymnastics (Hart et al., 2018), 

and therefore investigating the number of repetitions of a skill as a measure of training load in the future 

may provide further knowledge with regards to the interaction between growth, training load and injury 

risk in gymnastics. Measuring the number of skills is a laborious process that would, however, require 

a substantial amount of effort and, coach and gymnast ‘buy-in’. This study also employed an ‘all-

complaints’ definition of injury, whereby any pain or injury reported was considered as an injury (Bahr 

et al., 2020). However, it is currently, unknown whether pain perceptions are altered during different 

stages of maturation and whether this may influence the findings in this study. Therefore, although 

complex, investigating pain perceptions during different stages of maturation warrants further 

investigation. 

 

As previously mentioned, the research with regards to monitoring training load in gymnastics is limited. 

Part two of chapter five looked to investigate the relationship between training load, injury and a 

performance marker in Trampoline gymnastics, using different variables and analysis methods. The 

relationship between training load and injury was inconclusive and was likely influenced by the small 

number of gymnasts and injuries analysed in the study. With this mind, future research should look to 

investigate the relationship between training load variables and injury risk in a larger number of 

trampoline gymnasts. Similarly, the dose-response model did not find a strong relationship between 

training load and the performance marker used in this study. Consequently, additional research may be 

beneficial in exploring the relationship between different training load and performance variables to 

better understand the relationship between training load and performance in Trampoline gymnastics.  

 

Observation and exploration of the return to training in the gym following the first UK lockdown has 

led to more areas that require further investigations. Further research should look to investigate the role 

of niggles as a risk factor of injury, particularly in gymnastics, where gymnasts anecdotally often train 

with niggles. More specifically, future research should look to understand whether training should be 

modified (Horobeanu et al., 2017) or prehabilitaion exercises are prescribed with gymnasts 

experiencing a niggle, to reduce the risk of sustaining a more serious injury. The study also raises the 

question as to whether intense gymnastics training is required throughout the year, particularly with 

gymnasts who are circa growth spurt and are more susceptible to injury during this time. Subsequently, 

this phenomenon warrants further investigation. The areas highlighted from this study that require 

further investigation can contribute to addressing research question four originally proposed in this 

thesis. Future research should therefore address the final research question in this thesis and explore 

whether the modification to training can reduce the risk of injury in circa growth spurt gymnasts. 

Modification to training could include reducing the number of repetitions of similar movement patterns, 

increasing the amount of time spend on physical preparation/ strength and conditioning and or using 
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softer equipment. In addition, niggles may be a useful flag for reducing the risk of a more serious injury 

in circa growth spurt gymnasts and warrants further research. 

 

Future research should look to validate the use of sRPE in gymnastics, particularly its use in young 

gymnasts (Kasai et al., 2020). Moreover, more research is required into understanding whether 

individual sRPE for each apparatus/activity is a reliable and valid method for reporting internal training 

load in gymnastics. The research in this area may be a useful tool for monitoring load in gymnastics. 

Equally, the reliability and the validity of the OSTRC-H2 (Clarsen et al., 2020, Clarsen et al., 2013) in 

a paediatric population warrants further investigation.  

 

7.7 Thesis conclusion 
 

The purpose of this thesis was to explore growth and maturation, and training load as risk factors of 

injury in young gymnasts, and therefore inform future practices in gymnastics. Unfortunately, as a result 

of the COVID-19 pandemic, the research completed in this thesis was partly adapted whilst remaining 

aligned to the core themes of growth and maturation, training load and injury in gymnastics.  

 

This thesis involved gymnasts and their coaches who are involved with Great Britain or England, Men’s 

artistic, Women’s artistic and Trampoline gymnastics programmes at British Gymnastics. The initial 

development of an international consensus statement for injury surveillance in artistic gymnastics 

involving medical practitioners world-wide, is also featured in this programme of work. Focus groups 

with coaches revealed the variation of knowledge and practice of monitoring growth and training load 

in gymnastics, particularly across disciplines. Furthermore, the risk of injuries appears to increase in 

gymnasts circa growth spurt and those with higher weekly training loads. However, a larger population 

of gymnasts and gymnasts from other disciplines are required to fully understand whether an interaction 

exists between growth, training load and the risk of injury. Conversely, there were inconclusive findings 

between training load, injury and a performance marker in trampoline gymnastics. A unique observation 

and exploration of the return to training in the gym following the first UK lockdown as a result of 

COVID-19 is also presented in this thesis. Numerous findings from this study can be transferred to 

everyday practice as well as future scenarios where a gymnast has an extended period away from the 

gym.  

 

Overall, the series of studies in this thesis highlights the need for monitoring the adolescent growth 

spurt and training load in gymnastics. Specifically, as a means of reducing the risk of injuries in 

gymnasts. 
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CHAPTER EIGHT 

Research impact at British Gymnastics 
 

 

The overarching aim of this research was to inform future practices at British Gymnastics and 

potentially beyond. Early research from this thesis has already begun to have an impact at the applied 

level. Research impact already derived from this body of research is described below. 

 

8.1 Coach education 

As a consequence of the findings in study one (chapter three), recommendations were made to educate 

coaches around monitoring growth and maturation and training load. Over the past two years, 

educational sessions and resources have been developed for coaches regarding the aforementioned 

recommendations. An introduction to growth and maturation workshop was developed highlighting the 

changes that may influence gymnastics and the increased risk of injury that occurs during the adolescent 

growth spurt. A similar session was also delivered at British Gymnastics’ 2019 Performance Pathway 

Trampoline, Tumbling and Double-mini–Trampoline Symposium and summarised at the 2020 

symposium. More recently, a session describing the fundamentals of load monitoring in gymnastics 

was delivered to coaches as part of the 2021 online Performance Pathway Symposium, with access 

available to all disciplines of gymnastics. In addition, three infographics (Appendix 9.) with the theme’s 

growth spurts and injury risk, growth/maturation and nutrition, and growth/maturation and psychology 

have been developed collaboratively with other sports science practitioners and have been distributed 

to coaches within the pathway programmes. 

 

8.2 Tracking the growth spurt 

As part of the Great Britain pathway programmes, a growth spurt tracker has been implemented into 

the foundation, development and junior level programmes for the Olympic funded disciplines (MAG, 

WAG, TRA). Heights and weights are captured at each camp for the purpose of flagging gymnasts in 

the growth spurt. The growth spurt tracker incorporates the Khamis-Roche method to flag gymnasts 

who are between 85-96% of their predicted adult height. Personal coaches are made aware if their 

gymnast has been flagged as circa growth spurt as they may be at a greater risk of an injury. The tool 

has also been replicated for coaches to use in clubs and is currently going through a dissemination 

process. It is envisioned that the growth spurt tracker will progress by including a measure of growth 

velocity to further verify a gymnast’s growth status. The tracker will likely be transferred onto a 

database system to provide a tool for all club coaches.  
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8.3 Weighing gymnasts: British Gymnastics position statement 

One of the potential barriers to tracking growth spurts in gymnastics clubs was the negativity and misuse 

towards weighing gymnasts, which was articulated in study one (chapter three). As an ongoing culture 

problem prior to this programme of research, a position statement on weighing gymnasts was created 

in collaboration with sports science and medicine practitioners, key stakeholders and coaches. The 

position statement includes key recommendations, such as monitoring weight alongside height no more 

than once a month and discusses misconceptions of weight. The published version can be found here: 

https://www.british-gymnastics.org/technical-information/performance-gymnastics/sports-

science/11142-weighing-gymnasts-british-gymnastics-position-statement/file. 

 

8.4 Impacting the return to gymnastics training following the UK’s third national lockdown  

The findings from chapter six were presented to coaches, alongside other return to training advice, 

ahead of gyms reopening following the third national lockdown in the UK. Advice drawn out from the 

study included using session rate of perceived exertion/ rate of perceived exertion to help guide the 

return to training process, being mindful of training load the week following any additional restrictions 

and taking any ‘niggles’ into consideration.  

 

8.5 Pathway sports science role  

As a result of the impact made from this thesis, British Gymnastics have created a pathway sports 

science position to deliver age and stage appropriate sport science to gymnasts, coaches and parents on 

the performance pathway programmes. A key part of the role will be to continue identifying and 

implementing practices in growth and maturation, training load and injury prevention. 

  

https://www.british-gymnastics.org/technical-information/performance-gymnastics/sports-science/11142-weighing-gymnasts-british-gymnastics-position-statement/file
https://www.british-gymnastics.org/technical-information/performance-gymnastics/sports-science/11142-weighing-gymnasts-british-gymnastics-position-statement/file
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APPENDICES 
 

 

Appendix 1 - COREQ (COnsolidated criteria for REporting Qualitative research) Checklist  
 

Topic 
Item 

No. 
Guide questions/description 

Reported 

on Page 

No. 

Domain 1: Research 

team and reflexivity  
 

 
 

Personal Characteristics     

Interviewer/facilitator 
1 

Which author/s conducted the interview or 

focus group?  36 

Credentials 
2 

What were the researcher’s credentials? E.g. 

PhD, MD  
36 

Occupation 
3 

What was their occupation at the time of the 

study?  
36 

Gender 
4 

Was the researcher male or female?  
36 

Experience and training 
5 

What experience or training did the researcher 

have?  
36 

Relationship with 
participants  

 
 

 

Relationship established 
6 

Was a relationship established prior to study 

commencement?  36 

Participant knowledge of 

the interviewer  7 

What did the participants know about the 

researcher? e.g. personal goals, reasons for 

doing the research  
36 

Interviewer 

characteristics 8 

What characteristics were reported about the 

inter viewer/facilitator? e.g. Bias, assumptions, 

reasons, and interests in the research topic  
36 

Domain 2: study design     

Theoretical framework     

Methodological 

orientation and Theory  
9 

What methodological orientation was stated to 

underpin the study? e.g. grounded theory, 

discourse analysis, ethnography, 

phenomenology, content analysis  

36 

Participant selection     

Sampling 
10 

How were participants selected? e.g. purposive, 

convenience, consecutive, snowball  
36 

Method of approach 
11 

How were participants approached? e.g. face-

to-face, telephone, mail, email  
36 

Sample size 12 How many participants were in the study?  36/37 

Non-participation 
13 

How many people refused to participate or 

dropped out? Reasons?  
36 

Setting    

Setting of data collection 
14 

Where was the data collected? e.g. home, 

clinic, workplace  
37 

Presence of non-

participants 15 
Was anyone else present besides the 

participants and researchers?  37 
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Description of sample 
16 

What are the important characteristics of the 

sample? e.g. demographic data, date  
37 

Data collection     

Interview guide 
17 

Were questions, prompts, guides provided by 

the authors? Was it pilot tested?  
Appendix 2 

Repeat interviews 
18 

Were repeat inter views carried out? If yes, how 

many?  
37 

Audio/visual recording 
19 

Did the research use audio or visual recording 

to collect the data?  
37 

notes 
20 

Were field notes made during and/or after the 

interview or focus group? 38 

Duration 
21 

What was the duration of the inter views or 

focus group?  
38 

Data saturation 22 Was data saturation discussed?  48 

Transcripts returned 
23 

Were transcripts returned to participants for 

comment and/or correction?  38 

Domain 3: analysis and 

findings  
 

 
 

Data analysis     

Number of data coders 24 How many data coders coded the data?   

Description of the coding 

tree 
25 

Did authors provide a description of the coding 

tree?  
N/A 

Derivation of themes 
26 

Were themes identified in advance or derived 

from the data?  
38 

Software 
27 

What software, if applicable, was used to 

manage the data?  
38 

Participant checking 
28 

Did participants provide feedback on the 

findings?  
38 

Reporting     

Quotations presented 

29 

Were participant quotations presented to 

illustrate the themes/findings? Was each 

quotation identified? e.g. participant number  

38-45 

Appendix 3 

Data and findings 

consistent 
30 

Was there consistency between the data 

presented and the findings?  
38-45 

Clarity of major themes 
31 

Were major themes clearly presented in the 

findings?  
 Table 3.1 

Clarity of minor themes 
32 

Is there a description of diverse cases or 

discussion of minor themes?       
 Table 3.1 
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Appendix 2 - Focus group guide 

 

Stage of Focus Group Content 

Pre- 
Please help yourself to refreshments 

Name Labels 

Welcome 

I’d like to welcome you to this focus group carried out by British Gymnastics 

and the University of Bath as part of my PhD on growth & maturation and 

training in gymnasts.  

Aim of FG 

From this focus group we would like to seek experience and expertise from 

coaches who work directly with highly competitive gymnasts - specifically 

focusing on awareness and practices related to growth/maturation and training. 

The outcome of these focus groups will help guide future research. 

Consent 

*Check all have given in consent forms 

I’d like to reiterate that all information collected will be confidential, and 

individuals will not be identifiable from these discussions. 

 

It’s also important that you do not discuss outside of the group 

Recording 
The focus group will be recorded by the audio recorder in the centre of the room 

and backed up with a second recorder. 

Introduction 

Let’s start by introducing ourselves: What’s your name? What club are you 

based at? Why did you become a gymnastics coach? 

 

Before we begin the first task, I’d like to encourage you all to be as open and 

honest as possible, try to avoid speaking over each other and to respect each 

other’s opinions. As this is a focus group, discussion amongst each other is 

encouraged.  

 

If there is anytime you do not wish to answer a question or feel uncomfortable, 

please don’t hesitate to let me know. Equally if you don’t understand a question, 

please ask, I’m happy to expand. 

 

Does anyone have any questions before we begin? 

Task 1 

So, in front of you, there should be a pad a pen. Can you write down 3 things 

that come to mind when thinking about growth and maturation of gymnasts? 

 

As a group I would like you to cluster into themes, its ok if some don’t fit. 

Feedback of Task 1 
*Let’s have a look at the type of things you’ve come up with 

*Link to first question 

Growth/Maturation 

• What are the changes that you notice when a gymnast is growing? 

 

• Do these changes present challenges to you as a coach? 

− How is it challenging? 

− How do you manage them? What would help you overcome these challenges? 

Training Load 

The next questions will around the subject of training 

 

• How much training is required for a gymnast who is on the [SPECIFIC 

PROGRAMME]? 
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− Why? 

 − What does this include?  

 − Does the volume or intensity of training ever change?  

 − Can you think of any other times when there are changes?  

 − Do you currently track these changes in training?  

 − How? What is the reason behind doing/not doing this?  

− How does training compare to gymnasts on [X SQUAD]? 

 

• Does training present any challenges to you as a coach, in gymnasts who are 

growing? 

 − What are these challenges?  

 − How do you manage them? What would help you overcome these challenges?  

Injuries 

The final couple of questions will be around the topic of injury 

 

• Is there a period where gymnasts seem to become injured a lot more than 

usual? 

− Why do you think this is? 

− What type of injuries? 

 

• As a coach what can be done to reduce the chances of these injuries from 

occurring? 

Final Question 
• We have come to the end of the focus group, is there anything we haven’t 

touched upon that you would like to discuss? 

Closing and Summary 

*summarise focus group 

 

Thank you for participating in this focus group, the answers you’ve provided 

will really help drive future research in the area of growth and maturation and 

training load at British Gymnastics. 

 

If anyone has any questions, please feel free to stay behind and ask or 

alternatively send me an email. Thanks again. 
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Appendix 3 – Supporting quotes 

 

Theme (Sub-theme) Definition 

Physical changes 

during growth/ 

maturation 

‘Well, you do get injury, because the body is upside down and the weight-to-power ratio 

is not where it needs to be.’ (WAG Coach 13) 

‘And that’s where, like, it’s so, so different, because the boys just get stronger, and all of 

a sudden they are jumping higher.’ (TRA Coach 16) 

Temporary skill loss/ 

confusion in youth 

gymnasts 

‘I was going to say, the only thing we've really said I think was you said with skill 

confusion, it can become a challenge obviously that they don't really know where their 

body is as much. Their hand was here but now it's out here. So, they realise that it's just 

about getting used to where their body is again.’ (TRA Coach 7) 

‘Often you find times when skills that they've been able to do for a long time and/or 

relatively easily, suddenly they lose, don't they? I suppose its management on our behalf 

as to how we can help them understand that and manage that and not then get too 

emotional about it because then that adds another factor of loss of control. That would be 

what I'd say about skills and losing skills.’ (WAG Coach 6) 

‘Yeah, it's like what we spoke about, because they can go from one week doing all these 

skills to the next where they can't do any of those skills. That's what I'm saying. That's 

where it becomes a challenge, because you're then playing the role of getting them to 

understand. He could do this, but now he can't. You know they're growing, but you think, 

has it affected them that much? You've got to, then, understand in your own head, but then 

also help the gymnast.’ (MAG Coach 7) 

Psychological 

challenges in pubertal 

gymnasts 

 

 

 

 

 

 

 

 

‘I think with the girls particularly, because I coach mainly girls, at that time of the 

menstrual cycle it's important that I know when it's happening to be able to explain to 

them the reasons that they might be getting frustrated or getting upset, particularly if it's 

new and they're just reaching that stage. We've went through times where we've had 

performers cry and then you'll ask what they're crying for and they don't know. So, they're 

not necessarily aware of why it's happening and how their body is changing.’ (TRA Coach 

1) 

‘I do a lot less coaching now and a lot more mind games, just trying to get them to do the 

work. It is a total mind game. That's what I've found really hard, especially recently. 

Before they hit 11/12, they basically do exactly what you ask of them, don't they? Then 

something happens and boom, they get an attitude.’ (MAG Coach 2) 

Injury in youth 

gymnasts 

(Sub theme: Injury 

causes) 

 

 

 

 

 

 

 

 

 

 

 

(Sub theme: Injury 

types) 
 

 

 

 

 

 

 

‘Maybe do we rush it a little bit too soon or have too many hours so then their bodies are 

taking too much on when they're too little and they are growing, all these different things. 

It's a very fine line, isn't it, between what is expected of them and being able to do enough 

hours to achieve that and then sustain it through puberty and then beyond and then have 

more.’ (WAG Coach 7) 

‘Then when their skill level increases, they've obviously got more risk of catastrophic 

things, haven't they?’ (WAG Coach 8) 

‘And a lot of that is down to physical ability, being too heavy, not being strong enough, 

or weight-to-power ratio not being where it needs to be, or you’re asking a gymnast to do 

a skill which is beyond their capability for the strength and flexibility that they have got.’ 

(WAG Coach 8) 

‘Yeah, it's just basically they're growing more frequent injuries because landings and 

stuff, the muscle's growing away from the bone, Osgoods schlatters stuff like that. Growth 

plates. You've just got to be more careful with it when they're having a growth spurt and 

stuff like that because they're prone to it.’  (MAG Coach 10) 

‘It’s very much around where gymnasts are starting to go through that growth period, and 

they might be starting to get overloaded, and then suddenly they have got niggles in their 
knees, or they’ve got niggles in their ankles, and, you know, stuff like that.’ (TRA Coach 

12) 

‘Severs, Osgoods, growth plates in the wrist, stress fracture in the elbow, stress fracture 

in the back. That's gymnasts, that's their injuries.’ (MAG Coach 8) 

‘Going through puberty I suppose you get lots of hamstrings, the Sever's, the Osgood-

Schlatter, don't you, a lot of that.’ (WAG Coach 7) 
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(Sub theme: Injury 

prevention) 

‘We're talking about injuries going through growth and stuff that can't be prevented. But 

a lot of stuff with the right balance and the right proactive approach, you can reduce the 

risk of these injuries.’ (MAG Coach 9) 

‘I just think it's very important as coaches that we're aware of the dose of training when 

physical changes are happening within the body, especially when they're at peak growth 

velocity, you've got to adapt training in order to stay away from getting injuries and then 

having to take time out of training. So, an appropriate dose of training at varying times 

throughout maturation...’ (TRA Coach 6) 

‘Rehab type stretch. If you know that weak glutes can be a contributing factor to causing 

stress in ankles for example, having a programme that involves glute exercises in 

advance.’ (TRA Coach 7) 

‘Good communication so the gymnasts have to tell you when their knees are getting sore 

or their heels are getting sore so then you know...’ (WAG Coach 9) 

Training load in youth 

gymnasts 

(Sub theme: Planned 

training) 

 

 

 

(Sub theme: Adapting 

training) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(Sub theme: 

Monitoring training) 

‘Then you've got to then put in your rehab stuff or your core strength, your handstand. It's 

just masses of stuff that the kids need to do. The volume that they have to do is crazy. You 

need that time to do it.’ (MAG Coach 2) 

‘Straight out of the competition I keep the momentum going for a day or two where they're 

either motivated by loss or win so I keep that going, give them a couple of days and then 

I drop them off load and give them a couple of days off so like an off load and then build 

them back up again. That's how I work my programme.’ (TRA Coach 3) 

‘I had quite a lot of kids this year. Was it this year? What year is it when you do SATs? Is 

it Year 6 when you're ten? So, I had quite a few kids that had SATs this year or last year, 

I can't remember. I ended up just giving them time off training or just adapting training 

and letting them come in when they wanted to on that week of exams because otherwise, 

they would just stress with trampolining and stress with exams. It just didn't work out for 

them. So, during that period of time, I think it's important to let them go and do their thing 

as well. Also, I've got athletes that are verging into senior now. I've got one gymnast who's 

turning 18 and he's on the GB team for DMT. I adapt his training quite a lot to his personal 

life, which I've not ever had to do before because I've never had a gymnast that age before, 

a good gymnast that age.’ (TRA Coach 3) 

‘I think when they're coming back from injury as well, you've got to obviously be careful 

at that point how much you do. And we're now about six months out of an injury. And 

we're still having to be careful in the numbers and the reps that we do because we don't 

want it to set her back again. And even if it's not an injury, even if it's just something small 

that's hurting, that's when the load changes again.’ (WAG Coach 2) 

‘I think at New York, we get up to-- I don't count it, but perhaps 30 hours when the kids 

are off of school, like at half term and stuff. They'll get up to about 30, the top athletes.’ 

(MAG Coach 6)  

‘Does everybody's kids have a diary? 

So that's a good way for tracking exactly what they're doing. Mine write in what they've 

done that day, how long the session has been. I think that's an easy way of tracking.’ (TRA 

Coach 1) 

Monitoring growth & 

maturity in gymnasts 

 

 

(Sub theme: Weight 

Monitoring) 

‘Just like measuring them once, a couple of times a month, maybe. Just to keep, like you 

said, keep a look at the height. Like you said, you would then realise you should maybe 

go off that.’ (MAG Coach 7) 

‘We measure ours monthly, so we've got a record of their height.’ (WAG coach 8) 

‘I just think you've got to be sensitive around it because obviously we don't want to end 

up with athletes that have got eating disorders and things, to put it on the table and be 

blunt.’ (TRA Coach 6) 

‘I think that was evident with the girls at the last squad. The girls and boys very much 

differed when it came to getting weighed. The girls were very much around and having a 

look what everybody was, whereas the boys weren't so bothered by it. But in the back of 

the girls' heads, you could see it was, "She weighs this." So, I think it's making sure you 

sit down and explain, "You're a foot and a half taller than her. It's only natural that you 

are going to weigh more. It doesn't matter what kind of weight it is. It's not necessarily 

unhealthy weight." I think that's important as well because I do think it's a big focus, 

particularly among the girls that are 12, 13, 14 years old.’ (TRA Coach 1) 

‘I think, possibly, some coaches, maybe they don’t like doing that. You know, kids on 

scales… but it’s, like… I think we’ve got a duty of care to do that, to make sure that we 
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are identifying very quickly that, if someone has got a critical growth spurt, we are…’ 

(TRA Coach 6) 

‘I think gymnastics is in a very tough situation, in the fact that weight is very important to 

keep them safe, but we are not in a weight class sport.’ (WAG Coach 11) 

Gymnastics specific 

scientific and medical 

knowledge and support 

 

 

 

 

 

 

 

 

 

 

 

 

‘Physiotherapy. We've got a physiotherapist who comes in for two hours. She alternates 

each week. She will go through, like for example I've got one little girl who is like, "My 

ankle hurts a bit," and it's like, "Right, we'll get the physio." She checked her and one leg 

is longer than the other. So, she gave her a few exercises and then will check her again in 

a couple of weeks and see if it's reduced the ankle pain, if it's helped things like that.’ 

(TRA Coach 7) 

‘So, we're quite fortunate-- well, I am anyway, in where the sport science, and you've got 

access to all of that. Like, when he sends the weight back, he'll put she's near peak velocity, 

or something like that.’ (WAG Coach 3)  

‘That could be centralised to our sports specific. I know that everyone is different as you 

say, it's different injury, different rates, different heights and sizes but there'll be some 

common guidance available, here's some things to look out for and here's what you can 

do about it, swap squats for this, if they're growing, etc.’ (TRA Coach 5) 

‘But maybe in these stages it might be worth reducing. This is what we could be 

educated in. That would be helpful because mine I know are starting to go through this 

and they're still doing exactly the same training hours, pretty much the same programme 

or expected to do a similar programme. I've not really adapted it that much, apart from 

applying some prehab programmes and the conditionings being adapted.’ (MAG Coach 

2) 
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Appendix 4 – Survey 1 

 

Injury Definitions 

 
In a recent review paper ‘Injury epidemiology and risk factors in competitive gymnasts: A 

systematic review’, the authors suggested consistent injury definitions are needed for injury 

surveillance in gymnastics. 
 

 
https://bjsm.bmj.com/content/early/2019/01/22/bjsports-2018-099547 
 

Using injury definitions from other sports we have developed three definitions of injury 

related to gymnastics (see below). 
 

An explanation of each definition and has been provided to aid with understanding. 

 

 
Time-loss Injury 

 
A time-loss injury is ‘any injury or illness that results in a gymnast being completely 

unable to train or compete.’ 
 
This means an injury/illness is only accounted for if a gymnast is unable to train on any apparatus. 

For example, this definition would be appropriate when a gymnast is bed ridden, only completing 

activities of daily living or undertaking rehabilitation/ conditioning exercises only. 
 

 

 
 

Please select whether you agree or disagree with the proposed Time-loss Injury definition 
 

 

 
 

Further Comments: 

Agree Disagree 
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Medical Attention Injury 

 

A medical attention injury is: ‘any injury or illness that requires medical attention 

(assessment and/or intervention) and has the potential to influence gymnastics training or 

competition’. 

 

This means that any injury or illness that is reported to medical personnel, which may result 

in time- loss, modified training or no change in training will be used to define an injury. 

 

Modified training refers to any change in training as a result of an injury, which includes but 

not limited to restricted training and/or reduced workload. 

 

 

 

 

Please select whether you agree or disagree with the proposed Medical Attention Injury 

definition 

 

 

Further Comments: 

 

 

Gymnast Reported Injury 

 

A gymnast-reported injury is: ‘any complaint that is considered an injury or illness by a non-

medic (ie. gymnast, teacher, coach, parent etc). 

 

This means any complaint (injury or illness) made by a gymnast but is not assessed by a 

medical professional and therefore is subjective. For example, in a club environment where 

no medical professional is available. 

 

 

Agree Disagree 
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Please select whether you agree or disagree with the proposed Gymnast reported Injury 

definition 

 

 

Further Comments: 

 

 

General Activity of Injury 

 

 

 

 

Should the general activity (where an injury occurred) be reported? I.e. Training, 

Competition and Other? 

 

 

Further Comments: 

 

 

Characterisation of Activity at the Time of Injury 

 

Please select which way of characterising the activity of injury is most appropriate 

 

for artistic gymnastics. Please add any additional comments if required. 

 

A. Characterisation by apparatus/ activity only 

Agree Disagree 
 

Agree Disagree 
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B. Characterisation by apparatus with additional detail, or activity. Eg. Beam 

dismount 

 

 

 

 

 

 

 

 

Further Comments: 
 

 

 

Please select no more than 1 answer(s). 

A B 
 

Neither 
 



 154 

Mode of Onset 

 

Please state whether you agree or disagree that injury onset should be described as 

below. 

 

Step 1) Is the injury... 

 

1. New 

2. Recurrent 

 

Step 2) What is the mode of onset? 

 

1. Gradual onset 

2. Sudden onset 

 

i. Contact 

 

ii. Non-contact 

 

1. Insidious onset (no identifiable mode e.g. woke up with a painful knee but cannot 

ascribe any cause) 

2. Illness 

3. Other 

 

 

 

 

Further Comments: Optional 

 

 

Injury Type and Location 

 

How do you report injury type and location? 

 

 

If you selected Other, please specify: 

Agree Disagree 
 

Orchard Sports Injury Classification System (OSICS) Other 

 

Orchard Sports Injury Classification System (OSICS) Other 
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Injury Incidence 

 

 

At present, the way in which the incidence of injury in gymnastics is reported is 

inconsistent. Please select one of the following that you believe is most appropriate for 

reporting injury incidence in gymnastics. 

 

 More info 

 

 

If you selected Other, please specify: 

 

 

Injury Severity 

 

The severity of injury is often measured in days. The severity of injury is also dependent on 

the injury definition implemented. 

 

The following diagram shows a timeline of injury from the day of injury until full training. 

 

 

Please select no more than 1 answer(s). 

Injuries per 1000 Athlete days Injuries 

per 1000 Athlete exposures 

Injuries per 1000 Athlete hours of exposure Injuries 

per gymnasts 

Injuries per year Other 

 

Please select no more than 1 answer(s). 
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[A] If the severity of an injury was based on days completely off the apparatus only, the severity 

of injury would account for 3 days. 

 

[B] If the severity of an injury was based from the day after injury until the day before returning 

to full training, the severity of injury would account for 43 days. 

 

 

 

 

Please select which definition you believe would most accurately represent the severity 

of injury in artistic gymnastics. Please add any additional comments if required. 

 

 

Further Comments: 

 

 

Injury Burden 

 

We propose that the injury burden is calculated by multiplying the incidence of injury by the 

average severity of injury. 

 

Please select whether you agree or disagree with the above statement. 

 

 More info 

 

 

If you disagree, please state why: 

 

  

[A] Days completely 

off apparatus only 
 

[B] Days of restricted 

and no training 
 

Agree Disagree 
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Appendix 5 – Survey 2 

 

Mode of Onset 
 
 

 

 
 

 

 

 

 

 

Please state whether you agree or disagree with the IOC terminology  Required 
 

 

Recurrent injury/ Exacerbation 

 

In our meeting we agreed that an injury could be defined as recurrent if it is the same type of 

injury, to the same body part & side of the body, but more research was required to 

determine an appropriate time frame. 

The IOC consensus statement has proposed a section for subsequent, recurrent and/or 

exacerbation of injuries/illness where: 
 

2. 

 

Agree 

Disagree 
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4. 

 

A recurrent injury (re-injury) is a subsequent injury to the same location & 

tissue as the first injury if the injury was healed/ fully recovered. 

An exacerbation is where the first injury was not fully 

healed/ recovered. Time to recurrence or exacerbation 

should be recorded in days. 

 

 

 

Please state whether you agree or disagree with this section from the IOC  

Required 
 

 

Communicating Risk 

 

The IOC encourages sport-specific statements to recommend relevant measures 

to communicate risk to coaches/ technical staff. 

 

We propose reporting injury risk to coaches/ technical staff as injuries per squad per year 

 

We would calculate incidence (of an injury) per gymnast per year x average 

number of gymnasts on the squad) 

 

 

 

 

 
 

Please state whether you agree or disagree with the proposed way 

of communicating risk to coaches/technical staff.  Required 
 

 

If you selected disagree, please propose an alternative method. 
 

3. 

 

4.a. 

 

Agree 

Disagree 

 

Agree 

Disagree 
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5. 

 

 
 

Communicating Burden 

 

In our meeting me agreed that the burden of injury should be reported as either: 
 

Modified training days per 1000 

hours of exposure or Modified 

training days per 1000 athlete 

exposures 

 

(depending on the injury definition employed) 
 

We propose adding a measure to communicate burden to coaches/ technical staff. 
 

We propose that this can be done by calculating the total days of modified training in a year. 
 

E.g. There was a total of 200 days of modified training in a year due to shoulder 

injuries. 
 

 

Please state whether you agree or disagree with the proposed way of 

communicating burden to coaches/ technical staff.  Required 
 

 

Other comments 
 

 

If you have any other comments, please state here. 
 

  

6. 

 

Agree 

Disagree 
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Appendix 6 – Training diary example 
 

Trampoline Week 1.  

Date 
Duration 

(min) 

No. 

Contacts 

Total 

DD 

RPE 

(1-10) 

Any pain or injury 

(Location and 

Type) 

Modified 

training 

(Y/N) 

Reason for 

modification 

Coaching 

Comments 

         

         

         

         

         

         

         

Total 
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Non- trampoline Week 1. 

 

 

 

Date 
Duration 

(min) 
Non-TRA session type 

RPE 

(1-10) 

Any pain or injury 

(Location and Type) 

Modified 

training (Y/N) 

Reason for 

modification 

       

       

       

       

       

       

       

       

       

       

       

Total       
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Appendix 7 – Training capture form example 

 

 

Name: 

 

 
  

DATE 
APPARATUS/ 

ACTIVITY 

DURATION 

(MIN) 

RPE 

(0-10) 

ANY PAIN OR INJURY 

(LOCATION) 
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Appendix 8 – Interview guide 
 

Stage of Focus Group Content 

Welcome & Aim 

*Welcome chat* 

The aim of the interviews is to further explore your experience of returning to training 

following the first lockdown. 

Recording The interview will be recorded on teams and backed up using a second recorder. 

Introduction 

Before we begin the first task, I’d like to encourage you all to be as open and honest as 

possible. If there is anytime you do not wish to answer a question or feel 

uncomfortable, please don’t hesitate to let me know. Equally if you don’t understand a 

question, please ask - I’m happy to expand. 

 

All information collected will be confidential, and you or your gymnast(s) will not be 

identifiable from these discussions. 

*START RECORDING* 

Activity 

On a piece of paper, can you write three words to describe what coaching gymnastics 

has been like since returning to the gym from lockdown one. 

 

• Discuss and link to questions. 

Returning to training 

(experience) 

Describe how training has been for your gymnast since lockdown 1.0? 

• Advantages/Disadvantages? 

Returning to training 

(practice) 

Can you describe what training you did when returning to the gym? 

• How did you plan this? 

• Did you make any adaptations? How? Why? 

What worked well? Would you do anything differently? 

Monitoring training 
Did recording training influence coaching practice? 

How? (Discuss training capture form i.e. RPE etc.) 

Performance  

How long did it take for your gymnast to reach full training? 

Has your gymnast been able to return to a similar level prior to lockdown? 

 

Did you find training at home beneficial? 

 

Do you think lockdown/restrictions has affected the development of your gymnast? 

How? 

Injury 

Did your gymnast experience any pain or injury during return to gymnastics 

training? 

 

*Why do you think that happened/ didn’t happen? Would you do anything differently? 

Final Question 
• We have come to the end of the interview, is there anything we haven’t touched upon 

that you would like to discuss? 

Closing and Summary 

*summarise interview 

Thank you for participating in the interview, if you would like to discuss anything else 

please let me know. 
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Appendix 9 – Infographics for coaches 
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