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Abstract 41 

 The aim of this study was to achieve consensus from leading sport and exercise science 42 

practitioners in professional soccer academies surrounding (i) motivations for maturity-related 43 

data collection (ii) maturity-related injury risk factors (iii) how maturity-related data informs 44 

injury prevention practices and (iv) the use of bio-banding as an alternative injury prevention 45 

strategy. The study adopted an iterative three round online Delphi method, where a series of 46 

statements were rated by expert panellists.  Consensus agreement was set at ≥70% for all 47 

statements. Nine panellists participated in all three rounds (69% response rate). Consensus was 48 

achieved for a total of sixteen statements. Panellists agreed that the period during and 12-49 

months post peak height velocity, muscle strength/flexibility imbalances and maturity status 50 

(% predicted adult height) as the most important maturity-related injury risk factors. Panellists 51 

also agreed that maturity-related data collection is important for injury prevention as well as 52 

physical and performance-related purposes, but not for recruitment or retain/release purposes. 53 

It was also evident that variability and misunderstanding of key language terms used within the 54 

growth and maturation literature exists. It was agreed that practitioners who are responsible for 55 

conducting maturational assessments require additional training/education to enhance their 56 

application, delivery and outcomes. The findings indicate that maturity-related data collection 57 

is part of a multidisciplinary process, dedicated towards the long-term development of players. 58 

Greater training and education are required along with increased dissemination of research 59 

findings surrounding the full uses for bio-banding. This study provides guidance on maturity-60 

related injury risks and prevention in youth soccer for practitioners.  61 

 62 

 63 
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Introduction 64 

Performance staff employed in youth soccer academies play a vital role in the 65 

development of soccer players by providing physical, psychological, perceptual-cognitive, and 66 

sociocultural interactions [1]. Youth academy players (i.e., 9-18 years) on talent development 67 

pathways may encounter unique physical development challenges due to the individual timing 68 

and rate of their biological maturation [2]. For example, youth players of the same 69 

chronological age group can vary in biological maturity by as much as 5-6 years [3].  The 70 

variability in the timing of the adolescent growth spurt (occurring between 13-15 years in boys) 71 

can offer additional complexities for performance staff who wish to implement injury risk and 72 

training load management strategies [1, 4, 5]. 73 

Some maturity-related injury risk factors that have to be considered by practitioners 74 

when implementing injury prevention strategies include changes in body mass index > 0.3 75 

kg/m2 per month and accelerated monthly growth rates (> 0.6 cm) in stature and the lower-76 

extremities [6], the 12-month time period around peak height velocity [7] (PHV; the fastest 77 

rate of growth in stature during the adolescent growth spurt) [8], maturity status (percentage of 78 

predicted adult height < 88% to > 95%) [9], ‘adolescent awkwardness’ [10], peak weight 79 

velocity [11, 5] and training load volume [2]. Quadriceps flexibility ≥ 35° and gastrocnemius 80 

flexibility < 0° are also associated with the development of apophysitis conditions (e.g., 81 

Osgood-Schlatter, Sever’s disease) in youth soccer players [12].  82 

Despite previous investigations around maturity-related injury risk factors and 83 

monitoring practices [13, 4], it is currently unclear which of the proposed risk factors from 84 

previous literature are truly considered as a risk factor and a priority from a sport science 85 

practitioner perspective [1]. With this in mind, injury aetiology and prevention models have 86 

been proposed to better understand the relationship between injury risk factors and maturity 87 



4 

 

status [14].  For instance, recent work has reported that youth soccer practitioners have a variety 88 

of non-invasive (i.e., predictive equations) methods available to use at their disposal, to assist 89 

with the prediction of a player’s maturity status (the level of maturity at a given time point) [4] 90 

and to help determine individual player injury risk via their stage and timing of maturation (the 91 

timing and tempo of progress towards an adult biological state) [8, 4]. Regular assessments of 92 

growth (changes in stature and limb length that follow the onset of puberty) [4] and maturation 93 

is crucial, given that well documented associations between a player’s stage of maturation and 94 

injury risk/severity exist [15, 16], particularly around the time of PHV. Consequently, the 95 

longitudinal assessment of player maturity status and growth offers a method of injury 96 

prevention, by profiling ‘at risk’ players in the academy system, to optimise their physical 97 

development [2, 4, 17].  98 

Previous work has confirmed that maturity offset methods such as Mirwald [18], 99 

Fransen [19], Moore [20] and percentage of predicted adult height methods such as Khamis-100 

Roche [21] are frequently used by academies for maturational assessments [22], to measure 101 

somatic maturity (the degree of growth in overall stature, or of specific dimensions of the body) 102 

[23], as opposed to skeletal maturity (the degree of maturation according to the development 103 

of skeletal tissue) [23]. However, a recent review reported that no methods produce equivalent 104 

estimations of adult height, skeletal age or age at PHV. For example, there were discrepancies 105 

between actual and predicted values of adult height (-0.45 to -2.1cm) and age at PHV (0.3 - 106 

0.75 years) [24]. Moreover, only a moderate agreement (44-50%) was reported for the maturity 107 

status classification of players using maturity offset [19] and predicted adult height methods 108 

[21, 24] and between non-invasive (i.e., predictive equations) and invasive (i.e., medical 109 

imaging) methods (55-68%) [24]. These findings suggest that the non-invasive methods used 110 

to assess maturity status and timing in youth players require further validation [10], as this 111 

could lead to further implications for training load prescription, the correct identification of the 112 
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timing/ period of PHV and the maturity status classification of players [10]. Further 113 

investigation is needed to explore the reasons behind the continued use of these non-invasive 114 

methods, given their questionable reliability, with associated error rates for non-invasive 115 

methods varying between 1-3% in boys and girls [10] alongside the potential to 116 

over/underestimate the timing of PHV in early and late maturing players respectively [10]. This 117 

can prove critical, particularly for players around the age of PHV (13-15 years), where injury 118 

incidence within soccer academies is at its peak, coupled with the additional implications of 119 

incorrect maturity categorisation on training load and injury risk management [25, 10].  120 

The concept of ‘bio-banding’ (a method of grouping players together based on maturity 121 

status) –[26], has increased in popularity within youth soccer, to reduce the over-selection of 122 

early maturing players within academy systems and to technically/tactically challenge 123 

early/late maturing players [26]. However, recent studies go a stage further and suggest that it 124 

can be used as a method of maturity-related injury prevention [22]. The precise mechanisms to 125 

support this claim are currently unknown, and in the absence of any longitudinal randomised 126 

control studies or meta-analyses surrounding this concept, further research and dissemination 127 

of its findings is needed to understand its full application in practice [27].  128 

At present, limited data exists describing the process of how sports scientists embedded 129 

in professional soccer environments collect, interpret and communicate maturity-related data 130 

to their colleagues [13]. Furthermore, it is not clearly understood how practitioners use this 131 

data to inform decision-making surrounding injury management and player selection strategies 132 

[17].  This information can help to bridge the gap between research and practice, by facilitating 133 

an understanding of the data analysis and communication strategies used to inform decision-134 

making within academy environments [27]. Given the amount of heterogeneity within this 135 

research area, Delphi studies and expert consensus statements can be a useful mechanism for 136 
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generating new knowledge and transferring the best available research evidence into practice 137 

[28], which can create a better understanding of the growth and maturation practices that occur 138 

within soccer academies. In the absence of any well-established meta-analyses and randomised 139 

control trials within this research area, it is plausible that the Delphi technique could help to 140 

guide the way for a homogenous approach within this research area [24] and have a meaningful 141 

impact on current injury prevention and maturity-related data collection practices within 142 

academy soccer environments, which has been the case in other sports [29]. 143 

With this in mind, the aim of the research is to implement a Delphi poll to gain a 144 

consensus on the following questions, to bridge the gap between research and practice: (i) What 145 

are the primary motivations for capturing maturity-related data in professional soccer club 146 

academies in the United Kingdom (UK)? (ii) Which maturity-related injury risk factors are 147 

highly considered for prevention among professionals in soccer academies? (iii) How is 148 

maturity-related data used in practice to inform injury prevention strategies within professional 149 

soccer club academy systems? (iv) What is the perceived role and effectiveness of 'bio-banding' 150 

in maturity-related injury prevention among professionals in soccer academies? 151 

Methods                                                                     152 

Research design          153 

This study adopted a web-based Delphi approach [30], to establish consensus surrounding the 154 

importance of maturity-related injury risk factors, data collection techniques and prevention 155 

strategies in youth soccer academies in the UK. The Delphi protocol was designed by the 156 

research team which included (i) a registered orthopaedic physiotherapy assistant working in 157 

both clinical and professional soccer environments (ii) An applied physiologist (PhD) with 158 

expertise and published research in soccer related injury risk factors (iii) A performance 159 
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psychologist working in the English Premier League (iv) An experienced academic with 160 

expertise in Delphi procedures.  For transparency, the final Delphi protocol was registered on 161 

the Open Science Framework (osf.io/57g3f).  162 

Delphi design 163 

The Delphi process incorporated an iterative series of three online rounds which has 164 

been used previously [31]. Typically, the Delphi technique incorporates three rounds of surveys 165 

to achieve consensus on a certain topic or issue [32], however if required, more rounds may be 166 

included. Consensus is typically achieved when ≥ 70% of panellists agree on a certain response 167 

or statement for a given topic [33], and this threshold was applied in the present study. 168 

According to Hasson et al., [32] previous Delphi studies have varied in sample sizes between 169 

15-60 panellists, with known issues surrounding data handling and analysis associated with 170 

larger sample sizes. Based on previous studies, it was decided that the sample size for the 171 

current Delphi poll would be between 11-20 panellists [32]. Previous work has suggested that 172 

Delphi studies are effective in research areas where there is limited or contradictory evidence 173 

[33]. After consultation, it was decided that a Delphi approach would benefit this research area, 174 

given the amount of heterogeneity that is evident within existing literature, resulting from 175 

different outcome variables, populations and research designs [24]. It was agreed that using the 176 

Delphi technique to gain consensus on emerging topics could help to guide the way for future 177 

research in this area. 178 

Participants  179 

 A key consideration for Delphi studies is the identification and inclusion of expert 180 

panellists [34]. Using a combination of purposeful and snowball sampling procedures, the 181 

research team identified practitioners working in leadership roles in male soccer academy 182 
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environments using the following job titles: “Academy Technical Director”, “Lead Academy 183 

Sport Scientist”, “Academy Head of Sports Science and Medicine”, “Head of Sports Science 184 

and Athletic Development”, “Head of Academy Performance Support”, “Head of Medical”, 185 

“Academy Head of Physical Performance”. As well as holding the pre-requisite job title, to be 186 

included in the panel, panellists were also required to possess one or more of the following 187 

criteria (i) hold a postgraduate qualification (i.e., MSc/MRes/MPhil) or doctorate level 188 

qualification (e.g., PhD or Professional Doctorate) in a sport science related discipline (ii) 189 

working in a professional soccer academy in the UK with responsibility for collecting maturity-190 

related data (iii) published scientific research in the field of growth and maturation in youth 191 

sports. Panellist recruitment was completed between 1st October - 1st November 2023. 192 

Twenty-three industry experts responded to our initial email to participate in the study, 193 

however, only thirteen experts agreed to participate in round one. The included panellists’ job 194 

titles included: Head of Academy Sport Science (N = 6), Lead Academy Sports Scientist (N = 195 

4), Academy Head of Physical Development or Performance (N = 2) and a former Head of 196 

Academy Performance (N = 1). Panellists had a range of experience within their job roles, 197 

varying from a low of 3-months to a high of 13-years. Specifically, our panel comprised of four 198 

panellists working for different English Premier League clubs. Five panellists were currently 199 

or previously (last 12 months) employed within English Football League (EFL) Championship 200 

clubs.  Three panellists worked for different Scottish Premier League clubs and one panellist 201 

worked for a Scottish League One club.  202 

Ethics 203 

 Ethical approval for the study was granted on 10/07/2023, by the Liverpool John 204 

Moore’s University Research Ethics Committee (UREC reference: 23/SPS/036). Written 205 

consent was obtained via consent forms sent by email to all panellists who wished to take part 206 
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in the study. On receipt of the signed consent forms, panellists were advised they were free 207 

withdraw from the study at any stage in the process. The study was conducted in accordance 208 

with the principles expressed in the Declaration of Helsinki.  209 

Methodology 210 

 The study protocol and confidentiality statements were forwarded to all panellists via 211 

email. The panellists were also provided with a unique username, password and a personalised 212 

URL link to complete each Delphi questionnaire. This ensured that each panellist remained 213 

anonymous from each other but were known to the lead researcher when each Delphi round 214 

was completed. Each survey was developed using specialist JISC online survey software 215 

(https://beta.jisc.ac.uk/online-surveys) and all panellists were afforded a maximum of four 216 

weeks to complete each round of the Delphi. Prior to round one, the web-based survey was 217 

beta-tested by a group of nine postgraduate (i.e., MSc) students, however, no adjustments were 218 

required, and no technical issues were reported. 219 

Round one 220 

The first Delphi survey was divided into three categories based on a previous systematic 221 

review, blinded for review. The first category (attitudes toward the reliability of maturity-222 

related data collection methods), contained nine questions with ‘Yes’, ‘No’ or ‘Not sure’ 223 

responses, but with the option to include an open free-text response. The aim of this category 224 

was to establish the panellists’ attitudes and opinions towards maturity-related data collection 225 

[13], as well as its impact on injury prevention within youth academy players [1]. The second 226 

category (perceptions of important maturity-related injury risk factors for mitigation) required 227 

each panellist to rank order a list of eleven maturity-related injury risk factors in relation to 228 

their perceived importance for injury prevention strategies [4]. Each proposed risk factor was 229 
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ranked on a 10-point scale (1 = least important, 10 = most important). The third category 230 

(attitudes toward injury prevention practices, policies and data collection methods used at 231 

academy clubs), was a series of ten open-ended questions which aimed to establish the efficacy 232 

of the current methods and policies used within youth academy settings for the prevention of 233 

maturity-related injuries [35]. 234 

Data analysis round one 235 

 Responses from each panellist were exported from the JISC survey software to 236 

Microsoft Excel for analysis. For the multiple-choice questions, group cumulative frequencies 237 

(%) were calculated for each question to determine the level of agreement. For the ranking 238 

questions, the mean, median and interquartile range were calculated from the group responses 239 

to each question and were presented in the form of a box plot. Prior to round two, each panellist 240 

was provided with a breakdown of their individual scores, as well as the distribution of scores 241 

across the group.  A list of all the anonymous responses to the open-ended questions was also 242 

provided. The research team had planned to simply retain items with good levels of agreement, 243 

but based on the comments made by panellists, the research team decided to go further by 244 

removing, combining and rewording many items into a series of statements. Following analysis 245 

of the first-round responses, eighteen statements were created. 246 

Round two and analysis 247 

A second-round survey which contained the eighteen statements were emailed to each 248 

panellist via the web-based platform JISC. Panellists were asked to rank each statement on a 249 

10-point Likert-scale (1 = strongly disagree, 10 = strongly agree), for validity purposes. Those 250 

who agreed that a statement was relevant, but disagreed on the wording were invited to suggest 251 

alternatives via an open text response. Panellists were also asked to suggest additional topic 252 
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areas and items that they felt were important but were not included in the initial survey. Each 253 

of the responses were collated, and the numerical rankings were entered onto a Microsoft Excel 254 

spreadsheet. The mean, median and interquartile range for each response was calculated. 255 

Statements that scored low on relevance were omitted for the subsequent round.  256 

Round three and analysis 257 

 For the final round, the research team analysed all remaining statements that didn’t 258 

achieve consensus during the previous round. Statements that were rated as neutral (median 259 

score = 5-6) were re-worded and were emailed back to panellists in round three to rate again. 260 

Two statements were not distributed during round three, as the research team believed that 261 

these statements placed a requirement on panellists to have an extensive knowledge around the 262 

application of these specific methods and their respective limitations. It was apparent that some 263 

professional clubs may not use these methods for assessing maturity status and timing in their 264 

youth players and therefore it was deemed inappropriate to score the statement again. One 265 

statement was generated based on the responses from panellists in the previous round, giving 266 

a total of four statements that were emailed back to all panellists to achieve consensus (≥ 70%). 267 

For these statements, panellists were asked to rank their level of agreement for each statement 268 

on a 10-point Likert-scale (1 = strongly disagree, 10 = strongly agree), for validity purposes. 269 

Those who agreed that a statement was relevant but disagreed on the wording were invited to 270 

suggest alternatives via an open-text response. 271 

 For all statements that achieved consensus in the previous round, the research team 272 

made a conscious effort to improve the wording of these statements based on the comments 273 

made by panellists. For these statements, panellists were asked if they were satisfied with the 274 

amended statement via a ‘Yes’ or ‘No’ response. Panellists who remained unsatisfied with the 275 

newly worded statement were asked to suggest alternatives via an open-text response. Each of 276 
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the responses were collated and entered onto a Microsoft Excel spreadsheet. The mean, median 277 

and interquartile range for each response was calculated for the four statements that were re-278 

sent to gather a consensus. 279 

Results 280 

Ten panellists took part in the first two rounds of the Delphi poll (response rate = 77%). 281 

One panellist dropped out during round three. Three panellists dropped out before the start of 282 

round one and were excluded from analysis. Nine panellists took part in all three rounds 283 

(response rate = 69%). 284 

Round one 285 

 There was a consensus (100%) that the regular collection of maturity-related data can 286 

aid with injury prevention and facilitate better long-term outcomes regarding player selection 287 

and development. There was also a large agreement (70%) that predictive equations for 288 

assessing the maturational status and timing of youth players are sub-optimal and require 289 

improvement. 290 

 For maturity-related injury risk factors, there was a perceived higher importance 291 

(median score ≥ 7) for accelerated growth rates, muscle strength/flexibility imbalances, 292 

abnormal movement mechanics, the period during and after (i.e., 12 months) peak height 293 

velocity, previous injury history and a player’s maturity status as a percentage of predicted 294 

adult height. The least important maturity-related injury risk factors (median score ≤ 5) were 295 

group maturity status, fluctuations in lean body mass and the period before (i.e., 12 months) 296 

PHV. For a full summary of the results for round one, see supporting file 1 (round one 297 

synthesis) and supporting file 2 (round two background report). 298 
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Round two 299 

  In round two, eighteen statements were proposed to panellists and consensus (median 300 

score = ≥ 7/10) was achieved on thirteen statements (72%). The statements that achieved 301 

consensus are listed below in table one below.  For a full summary of the results for round two, 302 

see supporting file 3 (round two synthesis) and supporting file 4 (round three background 303 

report). 304 

Table one: Statements (N = 13) that achieved consensus in round two.  305 

Statement Median score 

Reasons for the collection of maturity-related data include 

concerns about overuse/growth related injuries and to identify 

players at immediate risk of injury. 

7 

Players with deficits in movement efficiency are at greater risk of 

growth-related injuries. 

7 

  

We have only limited ability to predict which players with deficits 

in movement efficiency will go on to experience poorer long-term 

injury risk outcomes. 

7 

 Functional assessments that explore “adolescent awkwardness” 

seem a promising approach. In principle, it might help 

performance staff understand the mechanisms by which deficits in 

movement competency around PHV increases injury risk. 

7 

 Maturity-related data allows performance staff to monitor and 

adjust training load especially for those players closer to PHV. 

7 

Growth-related data can be used to identify both early and late 

maturing players and determine whether players need to play ‘up’ 

or ‘down’ an age group. 

7 

Maturity-related data needs to be presented in a manner that 

coaches will understand, due to the consequences of data 

misinterpretation on player development. 

10 

Medical scanning techniques could provide greater reliability, 

validity and sensitivity for maturity-related assessment, but non-

invasive methods can provide complimentary information. 

7 

Players who are before or during PHV would benefit from an 

increased frequency of maturity and injury screening assessments 

from 12-week to 6-week intervals. 

7 
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Longitudinal maturity-related data collection is preferable as it 

allows for a more accurate assessment of maturation and its effects 

on injury risk over the course of the season(s). 

7 

Accelerated growth rates, imbalances between muscular strength 

and flexibility, abnormal movement mechanics, the period during 

and after age at PHV and a players maturity status as a percentage 

of adult height are the highest priority maturity-related injury risk 

factors. 

7 

Training load management and S&C interventions are the most 

effective strategies to limit the effect of maturity-related injury risk 

factors. 

7 

Better understanding of the full application of bio-banding and its 

wider uses are needed for performance staff. 

10 

Round three 306 

For a full summary of the results for round three, see supporting file 5 (round three 307 

synthesis). Three statements were re-distributed during round three to achieve consensus. 308 

Furthermore, one additional statement was also generated following comments made in the 309 

previous round. These additional four statements are listed below: 310 

“Growth and maturity data can inform decisions around player selection/deselection, 311 

recruitment and profiling for positional requirements until the player is aged 16-18 years.” 312 

“Additional training and education is required surrounding the prescription of 313 

interventions for academy players with growth-related conditions such as Severs disease or 314 

Osgood-Schlatter’s.” 315 

“Performance/sports science staff in academy environments have sufficient knowledge 316 

and expertise of taking growth-related measurements and using common maturity assessment 317 

methods in practice [e.g. Khamis-Roche., 1994; Mirwald., 2002] to determine a players’ 318 

maturity status and the timing of the adolescent growth spurt.” 319 

“Apophysitis conditions around the hip are more difficult to diagnose than apophysitis 320 

conditions around the foot and ankle and require a specialist assessment.” 321 
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Consensus (median score = ≥ 7/10) was achieved for sixteen statements proposed in 322 

round three (100%). One statement remained neutral (median score = 5) during round two and 323 

three and was subsequently removed from the analysis due to the failure to reach a consensus: 324 

“Growth and maturity data can inform decisions around player selection/deselection, 325 

recruitment and profiling for positional requirements until the player is aged 16-18 years”.  326 

The final list of statements that achieved consensus are presented in table two below: 327 

Table two: Statements (N = 16) that achieved consensus (median score = ≥ 7/10) in 328 

round two and three. 329 

Statement  Median Score 

Reasons for the collection of maturity-related data include concerns 

about overuse growth related injuries and to identify players at 

immediate or future risk of injury. 

7 

 Players with deficits in movement efficiency might demonstrate a 

greater risk of growth-related injuries, however more research is 

needed given the quality of current evidence. 

7 

 It is difficult to predict which players with deficits in movement 

efficiency will go on to experience poorer long-term injury risk 

outcomes. This could be improved with better equipment and 

education.  

7 

Functional assessments that explore “adolescent awkwardness” 

seem a promising but under investigated approach. In principle, it 

may facilitate conversations with performance staff to help them 

understand the mechanisms by which deficits in movement 

competency around PHV increases injury risk and can subsequently 

influence on-pitch performance and injury incidence.  

7 

Maturity-related data, that is communicated in a timely manner, 

allows performance staff to monitor and adjust training load 

especially for those players closer to PHV. However, it should be 

conducted in a way that considers the individual, their 

environmental context and any extra-curricular or school activities 

the individual may partake in. 

7 

Growth-related data can be complimented with performance-related 

data to identify both early and late maturing players and also to 

determine whether players need to play across younger or older 

chronological age groups.  

7 

Maturity-related data needs to be presented to coaches using a 

personalised approach based on their individual preferences, due to 

the consequences of data misinterpretation on player development, 

selection and training load management. 

10 
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Medical scanning techniques can provide greater reliability, validity 

and sensitivity for maturity-related assessments, but are unlikely to 

be used in a real world setting due to ethical and financial 

implications. 

7 

Players who are before or during PHV, would benefit from an 

increased frequency of maturity and injury screening assessments 

from 12-week to 6-week intervals. This could help to closely 

monitor the physiological processes associated with an increased 

risk of injury, providing that measurements are taken accurately. 

7 

Longitudinal and standardised maturity-related data collection is 

preferable as it allows for a more accurate representation of 

maturation and its effects on injury risk over the course of the 

season(s), as well as identifying other inherent injury risk factors 

and players who are at an increased risk of injury. 

7 

Maturity-related risk factors with the highest consideration for 

injury prevention include accelerated growth rates, imbalances 

between muscular strength and flexibility, abnormal movement 

mechanics, the period during and after age at PHV, reductions in 

neuromuscular control and a players' maturity status (% predicted 

adult height). 

7 

Multidisciplinary approaches towards training/game load 

management, S&C interventions and consideration of injury history 

are the most effective strategies to limit the effect of maturity-

related injury risk factors. 

7 

It is unrealistic for practitioners to use bio-banding as a method to 

reduce injury risk without greater training and research 

dissemination. 

10 

Additional training and education is required surrounding the 

prescription of interventions for academy players with growth-

related conditions such as Severs disease or Osgood-Schlatter’s. 

10 

Qualified performance/sports science staff in academy 

environments have sufficient knowledge and expertise of taking 

growth-related measurements and using common maturity 

assessment methods in practice [e.g. Khamis-Roche, 1994; 

Mirwald, 2002] to determine a players’ maturity status and the 

timing of the adolescent growth spurt.  

7 

Apophysitis conditions around the hip are more difficult to diagnose 

than apophysitis conditions around the foot and ankle and require a 

specialist assessment. 

7 

 330 

 331 

 332 

 333 
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Narrative synthesis of consensus statements 334 

In this section, the final statements are presented alongside supplementary evidence 335 

provided by panellists to support their reasoning. This section also includes supporting 336 

evidence from references where appropriate. 337 

Statement 1: Reasons for the collection of maturity-related data include concerns 338 

about overuse growth related injuries and to identify players at immediate or future risk of 339 

injury. 340 

Supplementary information 341 

In round two, panellists had concerns surrounding the use of the word “immediate”. This 342 

has connotations towards more traumatic mechanisms of injury, which panellists argued are 343 

hard to account for with the regular collection of maturity-related data. They commented that 344 

the collection of maturity-related data is catered more towards the prevention of overuse and 345 

future injuries, caused by repeated and chronic high training loads and volume. Therefore, the 346 

statement was amended to include overuse-type injuries with consideration of future injury risk 347 

for players pre or circa-PHV [16]. 348 

Statement 2: Players with deficits in movement efficiency might demonstrate a greater risk 349 

of growth-related injuries, however more research is needed given the quality of current 350 

evidence. 351 

Supplementary information 352 

‘Movement efficiency’ is a term that is becoming increasingly common in growth and 353 

maturation literature [35]. However, although panellists agreed on the inclusion of the term, 354 

there is a lack of consensus surrounding a specific definition for this phrase as stated by one 355 
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panellist: “we have a poor understanding of movement efficiency, even here you don't define 356 

it.” (Panellist 1). Panellists seemed to be familiar with the term and its associated features (e.g., 357 

adolescent awkwardness/clumsiness, reduced motor control, lower extremity growth) [35], 358 

however there were concerns that the current level of evidence to support this claim was low. 359 

This was important when re-wording the statement, to appreciate the concerns regarding low 360 

quality evidence, given that practitioners seem to rely on experience to discuss this topic. 361 

Statement 3: It is difficult to predict which players with deficits in movement efficiency 362 

will go on to experience poorer long-term injury risk outcomes. This could be improved with 363 

better equipment and education. 364 

Supplementary information 365 

Panellists reported it was difficult to objectively assess ‘movement efficiency’ given the 366 

absence of a clear definition of the term and a lack of valid movement assessment tools feasible 367 

for use in real-world settings [36]. Panellists argued that the facilities they have at their club do 368 

not enable a thorough assessment of movement efficiency and equipment availability can have 369 

an influence on these types of assessments [35]. It was also apparent that greater education and 370 

dissemination of this term is required, to create a homogenous definition and to devise viable 371 

methods to assess this concept. This led to consensus once better equipment and education 372 

were accounted for in this statement. 373 

Statement 4: Functional assessments that explore “adolescent awkwardness” seem a 374 

promising but under investigated approach. In principle, it may facilitate conversations with 375 

performance staff to help them understand the mechanisms by which deficits in movement 376 

competency around PHV increases injury risk and can subsequently influence on-pitch 377 

performance and injury incidence. 378 
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Supplementary information 379 

Similar to movement efficiency, there is a lack of conceptual clarity around the term 380 

‘adolescent awkwardness’ [37]. Panellists suggested that this is currently an under investigated 381 

area with poor evidence. Some panellists stated that it was a promising approach to supplement 382 

performance-related data, in order to hold conversations with coaches around the long-term 383 

development of individual players. It should be noted that good performance in functional 384 

assessment tests does not necessarily translate into on-pitch performance, therefore further 385 

research and dissemination surrounding this concept and how it influences injury risk and on-386 

pitch performance is required.  In practice however, there is a lack of standardised measures 387 

for assessing ‘adolescent awkwardness’ [37]. 388 

Statement 5: Maturity-related data, that is communicated in a timely manner, allows 389 

performance staff to monitor and adjust training load especially for those players closer to 390 

PHV. However, it should be conducted in a way that considers the individual, their 391 

environmental context and any extra-curricular or school activities the individual may partake 392 

in. 393 

Supplementary information 394 

This statement clarifies that youth players who are on dual-career pathways (i.e., still in 395 

formal education) may participate in extra-curricular activities, which is often encouraged by 396 

clubs to avoid early specialisation and to develop transferrable sporting behaviours [38]. Extra-397 

curricular activities can also influence training load that each youth player is exposed to, 398 

therefore these activities must be considered when implementing training load management 399 

strategies especially for players around the point of PHV.  400 
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Statement 6: Growth-related data can be complemented with performance-related data to 401 

identify both early and late maturing players and also to determine whether players need to 402 

play across younger or older chronological age groups. 403 

Supplementary information 404 

This statement confirms that that growth-related data should not be used in isolation to 405 

inform decisions around player development and should be complimented with technical and 406 

performance-related data to inform these decisions [13]. Panellists were reluctant to use phrases 407 

such as “playing up or playing down” (Panellist 4) and agreed to the term “playing across” 408 

(Panellist 7) various age groups, implying that the academy system should be considered as a 409 

continuum for development as opposed to isolated age groups. In round three, consensus was 410 

established when the wording was changed to acknowledge the combination of maturity and 411 

performance-related data to inform decision making, with subtle changes to ‘playing across’ 412 

the age groups rather than simply ‘up’ or ‘down’. 413 

Statement 7: Maturity-related data needs to be presented to coaches using a personalised 414 

approach based on their individual preferences, due to the consequences of data 415 

misinterpretation on player development, selection and training load management. 416 

Supplementary information 417 

Panellists were all in agreement that the way data is presented and visualised has huge 418 

implications for stakeholder buy-in and to ensure the various needs of stakeholders are met 419 

without ambiguity [39]. The general consensus was that if data is presented and visualised 420 

using commonly accepted software (e.g., Tableau, Power BI), this can facilitate with the 421 

development of appropriate actions plans to address the issues that are presented in 422 

multidisciplinary team meetings [40]. Panellists also pointed out the negative implications and 423 
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lack of understanding that can emerge from poor data presentation across key stakeholder 424 

groups (i.e., performance staff and coaches) [41]. 425 

Statement 8: Medical scanning techniques can provide greater reliability, validity and 426 

sensitivity for maturity-related assessments, but are unlikely to be used in a real world setting 427 

due to ethical and financial implications. 428 

Supplementary information 429 

Panellists were aware that invasive methods such as medical scanning provide greater 430 

reliability for assessing biological maturation. However, it was also argued that these methods 431 

are not always available to clubs, given the issues surrounding cost and ethical considerations 432 

of repeated exposures to radiation for youth players [42]. This statement was therefore re-433 

worded to account for the logistical issues associated with invasive methods to achieve 434 

consensus. These ethical and financial concerns may offer an explanation for the preference of 435 

soccer academies to use non-invasive over invasive methods during maturity assessments. 436 

Statement 9: Players who are before or during PHV, would benefit from an increased 437 

frequency of maturity and injury screening assessments from 12-week to 6-week intervals. This 438 

could help to closely monitor the physiological processes associated with an increased risk of 439 

injury, providing that measurements are taken accurately. 440 

 441 

 442 

Supplementary information 443 
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There was an acknowledgment that players suspected of being immediately pre-PHV or 444 

circa-PHV would benefit from increased screening from a maturity monitoring and injury 445 

perspective [35]. However, panellists re-iterated the importance of accurate data collection 446 

protocols, which may not always be the case in academy environments if untrained personnel 447 

undertake this role. This was overlooked in the initial statement but was included in the re-448 

wording of the statement to achieve consensus. It was also accepted that longitudinal growth 449 

patterns within the maturation process can be identified with an increased frequency of 450 

assessments [43]. 451 

Statement 10: Longitudinal and standardised maturity-related data collection is 452 

preferable as it allows for a more accurate representation of maturation and its effects on 453 

injury risk over the course of the season(s), as well as identifying other inherent injury risk 454 

factors and players who are at an increased risk of injury. 455 

Supplementary information 456 

It was generally accepted that longitudinal monitoring is preferable, to gain a more accurate 457 

depiction of maturation and growth on injury risk [43]. This statement required a minimal 458 

amendment to include individual player risk as well as playing group injury risk over multiple 459 

seasons. 460 

Statement 11: Maturity-related risk factors with the highest consideration for injury 461 

prevention include accelerated growth rates, imbalances between muscular strength and 462 

flexibility, abnormal movement mechanics, the period during and after age at PHV, reductions 463 

in neuromuscular control and a players' maturity status (% predicted adult height). 464 

Supplementary information 465 
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These risk factors were combined following multiple responses from round one. Once the 466 

statement was agreed upon, there was general consensus over the wording and no further 467 

amendments were required.  468 

Statement 12: Multidisciplinary approaches towards training/game load management, 469 

S&C interventions and consideration of injury history are the most effective strategies to limit 470 

the effect of maturity-related injury risk factors. 471 

Supplementary information 472 

The initial statement simply stated “training load management and strength and 473 

conditioning interventions”, however panellists argued that game load management was just as 474 

important for consideration as training load. Panellists agreed that injury prevention strategies 475 

are a multidisciplinary team responsibility between sports science and medical departments. 476 

[44]. Re-wording of this statement incorporated the use of a multidisciplinary approach with 477 

consideration to training and game load management, in addition to strength and conditioning 478 

gym programmes to achieve consensus [45].  479 

Statement 13: It is unrealistic for practitioners to use bio-banding as a method to reduce 480 

injury risk without greater training and research dissemination.  481 

Supplementary information 482 

Despite a plethora of research articles dedicated to bio-banding [26, 22], it appears to be a 483 

poorly understood concept from a practitioner perspective. From an industry perspective, the 484 

panellists suggested bio-banding was used as a talent/physical development strategy rather than 485 

an injury risk management method. Our panellists were unconvinced that bio-banding was an 486 

established industry strategy for protecting players from injury. It should be stated however, 487 
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there is a lack of research evidence to support bio-banding as an injury prevention strategy, so 488 

this inference is based on practitioner and industry experience rather than research evidence 489 

per se. 490 

Statement 14: Additional training and education are required surrounding the 491 

prescription of interventions for academy players with growth-related conditions such as 492 

Severs disease or Osgood-Schlatter’s. 493 

Supplementary information 494 

Panellists believed that training and education surrounding the management of players 495 

suffering from growth-related injuries and symptoms is lacking [2]. They felt that this 496 

originated from a university degree level, whereby graduate students were entering academy 497 

settings in full-time job roles, without any previous experience of dealing with these types of 498 

injuries and symptoms. This statement was amended to include examples of growth-related 499 

conditions for greater clarity. The entire statement was also changed, as it was originally 500 

assumed that sport science staff would feel supported and would have received training on how 501 

to deal with these types of conditions however, the reality from this study is somewhat 502 

different. 503 

Statement 15: Qualified performance/sports science staff in academy environments have 504 

sufficient knowledge and expertise of taking growth-related measurements and using common 505 

maturity assessment methods in practice [e.g., Khamis-Roche., 1994; Mirwald., 2002] to 506 

determine a players’ maturity status and the timing of the adolescent growth spurt. 507 

 508 

Supplementary information 509 
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An emerging theme within academy environments is the responsibility of conducting 510 

maturity-related assessments being placed on unqualified sports science staff such as interns. 511 

Panellists were satisfied that qualified staff have adequate knowledge and expertise of using 512 

non-invasive methods to collect maturity-related data, and they can interpret and apply the 513 

results. However, they expressed some concerns that qualified staff are conducting these 514 

assessments less frequently and instead the responsibility is placed on staff with little or no 515 

training [46]. This statement was therefore amended to be targeted towards qualified sports 516 

science staff in academies. 517 

Statement 16: Apophysitis conditions around the hip are more difficult to diagnose than 518 

apophysitis conditions around the foot and ankle and require a specialist assessment.  519 

Supplementary information 520 

 It was well accepted that apophysitis conditions around the hip are more difficult to 521 

diagnose than around the foot and ankle. No further comments were made to explain the 522 

reasoning behind it, but it demonstrates an area for future research to explore either within 523 

sports science or physiotherapy. No adjustments were made for this statement. 524 

 525 

General discussion 526 

Despite the geographical and professional variability of our panellists, there were some 527 

areas that reached broad consensus. Firstly, maturity-related data collection is completed for 528 

multiple purposes, to support the long-term development of players [13]. Secondly, 529 

longitudinal monitoring is preferable to accurately assess growth patterns, with increased 530 

screening for players immediately pre/circa-PHV to implement strength and conditioning and 531 

training load strategies associated with growth and maturity-related injury factors [43, 4, 10]. 532 
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Thirdly, panellists believed that the validity of maturity-related assessments could be improved 533 

with greater training/education for staff when conducting assessments and when managing 534 

players with growth-related conditions/symptoms [46]. 535 

The findings from this Delphi study suggest that panellists consider phases of 536 

accelerated growth such as PHV, muscle strength/flexibility imbalances, altered biomechanics 537 

e.g. ‘adolescent awkwardness’, maturity status (% predicted adult height) and the period circa-538 

PHV and post-PHV (up to 12 months), as highly important maturity-related injury risk factors 539 

(median score ≥ 7). Fluctuations in lean body mass, lower/upper extremity growth rates and 540 

the period leading up to PHV (12 months) were perceived as less important (median score 4-541 

6).  542 

When investigating the complexity of assessing growth-related conditions, one 543 

interesting finding was the belief that hip apophysitis injuries are more difficult to treat and 544 

diagnose than those of the foot/ankle (median score = 7). The hip joint is exposed to a higher 545 

risk of injury, due to vigorous and repetitive muscular contractions on the musculotendinous 546 

junction and its bony attachments, commonly associated with sport-specific actions in sports 547 

such as soccer [47]. This is supported with a reported 20% prevalence of osteochondral 548 

disorders affecting the pelvis, ischium, anterior inferior iliac spine, anterior superior iliac spine, 549 

iliac crest and lesser trochanter in French academy soccer players [48. In general, apophysitis 550 

injuries are diagnosed based on clinical and radiographic findings [47], however, apophysitis 551 

injuries of the hip are still commonly misdiagnosed and treated as a muscular strain [49], which 552 

highlights the complexity of the hip joint, in addition to the diagnostic and treatment challenges 553 

for practitioners [50]. This would suggest that further training and education for practitioners 554 

is required, to help identify relevant symptoms and implement appropriate treatment strategies 555 

associated with these types of growth-related conditions, given its high prevalence and injury 556 

burden among academy soccer players [51]. 557 
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  Previous literature has proposed a variety of maturity-related injury risk factors [6-12], 558 

in conjunction with varying rates of injury incidence associated with the stages of PHV [15, 559 

16]. The present study findings indicate that panellists believed that the period during PHV and 560 

12 months post-PHV were more important for growth-related injury risk. Players who are 561 

circa-PHV may experience more growth-related injuries (e.g., Osgood-Schlatter’s, Sever’s), 562 

whilst knee/ankle muscular and articular injuries are more common post-PHV, alongside 563 

higher injury incidence which may be due to higher intensity and volume of training [15]. 564 

Imbalances between muscular strength and flexibility, coupled with altered biomechanics 565 

associated with ‘adolescent awkwardness’ [37, 10] were also deemed as important risk factors. 566 

Traditionally, it has been suggested that periods of accelerated growth (e.g., PHV) result in 567 

decreased muscle flexibility, further offsetting the balance between strength and flexibility, 568 

which can increase the vulnerability of the skeletal system to injury [51]. Imbalances between 569 

strength and flexibility following a period of growth has also been suggested to reduce the 570 

ability of the cartilaginous structures to cope with high-level stress, leading to overuse and 571 

apophysitis injuries [10]. Accompanied with this strength/flexibility imbalance, temporary 572 

delays in motor control are reportedly common during and after accelerated phases of growth 573 

[37]. This can lead to ‘adolescent awkwardness’ due to an accelerated growth of the lower 574 

extremities combined with poor neuromuscular control, which can potentially increase injury 575 

risk during this period, although it is important to note that no studies have confirmed a 576 

definitive link between ‘adolescent awkwardness’ and injury risk [37].  577 

 Previous research has also shown that injuries follow a growth specific pattern 578 

associated with maturity status (< 88% to > 96% predicted adult height) [15], which was also 579 

perceived as important by the panellists in this study. This demonstrates the difficulties to 580 

implement targeted injury prevention programmes within youth academies, given the variety 581 

of injuries associated with individual player maturation and growth [4].  Therefore, it is our 582 
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contention that practitioners should identify and use appropriate injury prevention and training 583 

load strategies, depending on a player’s stage of maturation with consideration to the area’s 584 

most at risk. We also recommend that researchers work more closely with practitioners in 585 

academy environments, to implement effective ways of monitoring and assessing the maturity-586 

related risk factors that were deemed highly important by the panellists in this study. 587 

 Recent literature has suggested that injury prevention is one highly important reason 588 

for maturity-related data collection in German youth academies (85% importance), with other 589 

important uses including load management, player recruitment and bio-banding (95%, 75% 590 

and 65% importance respectively) [13]. These findings concur with the present study, in that 591 

maturity-related data collection is completed for multiple reasons. Only 40% of panellists 592 

believed that maturity-related data collection was primarily for injury prevention, with 593 

comments such as “Other key reasons include talent identification and development” (Panellist 594 

1), “Data from maturity assessment can be utilised for several purposes, but I don’t think one 595 

is a priority over others” (Panellist 2), “Physical staff would say injury prevention, other staff 596 

may say performance related / profiling reasons” (Panellist 3). Collectively, the findings from 597 

this study and elsewhere [13] demonstrate that maturity data collection is completed to assist 598 

with the long-term development of a player from both physical and performance-related 599 

perspectives. 600 

One controversial finding from the present study was the belief that maturity-related 601 

data shouldn’t be used for recruitment or retain/release decisions (median score = 5). Recent 602 

literature has alluded to the importance of maturity-related data collection for recruitment (75% 603 

importance) and retain/release decisions (58% importance) in German academies [13]. 604 

However, panellists in the current study believed “this should never be the case” (Panellist 4) 605 

and that “growth and maturity-related data should never be the be-all and end-all of 606 

retain/release and recruitment decisions” (Panellist 1). This somewhat contradicts the results 607 
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from previous studies and highlights the differences in culture between UK and German soccer 608 

academy practices surrounding maturity-related data collection. This study and the earlier 609 

study from Germany [13] concur that further research is needed to investigate the reasons 610 

behind the inconsistent motives for maturation assessments [13]. 611 

 Regarding the pattern of maturity-related data collection, Towlson et al., [10] reported 612 

that practitioners collect maturity-related data every three months, with an increased focus on 613 

players pre/circa-PHV. This is in line with the findings in this study, with panellists 614 

commenting that “Three months seems to be a sensible timeframe to ensure regular data… If 615 

we feel that a player is about to approach, or is going through PHV, we might increase testing 616 

frequency to every 6 weeks” (Panellist 4), coupled with a 100% agreement that the regular 617 

collection (three monthly) of maturity data can facilitate with more beneficial outcomes for 618 

youth players for long term athletic development. Furthermore, there is agreement between the 619 

findings presented here and those from a German academy study, in that maturity-related data 620 

is used to inform training load management for players at different stages of their growth and 621 

maturation [13]. Panellists commented that “Gym programmes will be tailored more around 622 

those players with a close PHV proximity” (Panellist 5), “Modifications will be made to 623 

training and match loads (volume), with additional supplementary exercises given in the gym” 624 

(Panellist 4). This suggests that individual load management and gym programmes are 625 

perceived to be the most effective injury prevention strategies, which are informed by maturity-626 

related data, according to panellists in this study (100% agreement) and elsewhere [2]. 627 

 One important consideration for improving maturity-related data collection practices is 628 

to standardise the way these assessments are conducted [10]. Collectively, panellists believed 629 

that standardisation of these assessments is important to gather more reliable growth-related 630 

data, as currently data is “collected (with the upmost respect) by part-time physio's who have 631 
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had no formal training.” (Panellist 4), with suggestions that maturity assessments “can be 632 

performed by interns” (Panellist 6). This has implications for injury risk in youth players, given 633 

that inaccurate categorisation of a player’s maturity status can have negative implications for 634 

training load management and strength and conditioning programmes for injury prevention 635 

[10]. Current practices could be influenced by staffing levels within academy systems. Recent 636 

findings from the top four leagues in Germany have shown that clubs can have less than six 637 

full or part-time staff within sports science and medicine departments [13]. The limited staffing 638 

dedicated to sports science and medicine departments demonstrates the time and logistical 639 

constraints often facing practitioners in their respective environments and can explain the 640 

increased responsibility placed on unqualified staff such as interns. It is our contention that 641 

researchers should be working more closely with practitioners to address and overcome some 642 

of the barriers they face on a daily basis, given the staff shortages that are apparent within 643 

soccer academies [10]. 644 

 The use of non-invasive methods to assess maturation and growth in youth players has 645 

become common practice in academy systems [8]. The findings from this study suggest that 646 

the panellists perceived current non-invasive methods as sub-optimal for assessing maturation 647 

in youth players (70% agreement). Similarly, panellists were “unfamiliar” (Panellist 4) with a 648 

lot of the proposed methods for assessing maturity status and timing, apart from the Khamis-649 

Roche [21] method (50% agreement). The Khamis-Roche [21] equation is one of the most 650 

popular methods used to assess maturity status and timing in academy players [17]. This could 651 

imply there is a cultural element associated with the use of this method, given its popularity 652 

amongst practitioners. Nevertheless, a recent review has demonstrated that no two methods 653 

produce the same estimation of adult height, skeletal age or age at PHV, with only a moderate 654 

agreement (44-50%) for maturity status classification using different non-invasive methods 655 

[24]. The findings from this study and recent review confirm suspicions that practitioners are 656 
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aware that the methods they employ to assess growth and maturation in youth players are 657 

flawed and require improvement [24], however they are obliged to use these methods, given 658 

the lack of viable alternatives. Our recommendation to practitioners is to be aware of the 659 

prediction error that accompanies each non-invasive method they choose to employ. 660 

Furthermore, to improve practice, practitioners should make a conscious effort to ensure data 661 

collection is completed as reliably as possible, preferably by qualified sports science staff with 662 

appropriate qualifications and using valid equipment [10]. 663 

 Bio-banding has become increasingly popular in youth soccer academies and has been 664 

endorsed by the English Premier League as a mechanism to mitigate maturity-related selection 665 

bias [26]. By tradition, bio-banding is used for physical and technical development, whilst 666 

providing opportunities for talent identification [26], however, more recent work has suggested 667 

that it can be used as a method of maturity-related injury prevention [22]. Panellists in this 668 

study stated a wide range of uses for bio-banding, however, uncertainty surrounded its use for 669 

injury prevention: “I believe bio-banding to have many benefits (including psychosocial) but 670 

injury prevention is not one” (Panellist 4), “No. I believe bio-banding is more of a method of 671 

increasing technical / tactical performance”, (Panellist 3) “I do not think bio-banding was ever 672 

intended to be used as an injury reduction tool . More to provide variety and challenge for 673 

players in a physical and psychosocial manner” (Panellist 4). This somewhat contradicts recent 674 

research findings, suggesting that bio-banding is used more for developing technical 675 

competencies as opposed to protecting players from injuries. However, panellists strongly 676 

believed that greater research and dissemination of findings surrounding bio-banding is needed 677 

(89% agreement).  678 

Implications for research 679 
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 From an applied performance perspective, the findings from this Delphi study suggest 680 

maturity-related data forms part of an integrated and multidisciplinary approach, to support the 681 

long-term development of youth academy players in the UK. Contrary to previous research our 682 

panellists did not reach consensus on the use of maturity data for recruitment or retain/release 683 

purposes [13]. The methods used to gather maturity-related data remain somewhat unreliable, 684 

with practitioners aware of their limitations. Therefore, researchers can assist practitioners via 685 

the development of frameworks to advise and educate practitioners around best practice when 686 

using non-invasive, predictive equations during their maturity assessments. This can mitigate 687 

any concerns around reliability by highlighting the prediction error associated with maturity-688 

estimated equations, alongside the implications of additional errors associated with false 689 

anthropometric measures (e.g., estimated parental height) [10]. It can also encourage better 690 

practice by ensuring that the practitioners responsible for conducting these types of assessments 691 

consider other statistical metrics associated with prediction error (e.g., coefficient of variation, 692 

inter/intra reliability, smallest meaningful change), in order to optimise their maturity 693 

assessments [10]. 694 

Methodological considerations 695 

 An obvious limitation to this Delphi study was the Anglophile context of the panellists.  696 

We therefore recommend further Delphi studies are conducted in an international context to 697 

remove the UK bias and to include other disciplines such as physiotherapy and psychology to 698 

expand the findings presented here.  A secondary limitation was the moderate response rate 699 

(69%). Prior to the start of the study, we identified an ideal sample would be between 11-20 700 

panellists [32]; however, the final sample was limited to ten panellists for rounds one and two, 701 

with one panellist dropping out during the final round, leaving a total sample of nine panellists 702 

for all three rounds. There was variability in the time spent in the panellist’ current role (i.e., 703 
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3-months to 13-years) and this should be considered when interpreting these findings.  Saying 704 

that, the lack of panellists may be mitigated by the industry experience and expertise of the 705 

panellists, after all it was our intention to produce recommendations relevant to this group of 706 

professionals.  707 

Conclusion 708 

 This Delphi study has identified some urgent areas for further research. Clarity around 709 

defining key language features used within this research area (e.g. ‘movement efficiency’, 710 

‘adolescent awkwardness’) is warranted to validate these language terms and to create a 711 

homogenous approach to research within this area [24]. This study highlights that maturity-712 

related data is collected and used to support the long-term development of players from 713 

physical and performance-related perspectives, but not for recruitment or retain/release 714 

decisions. The methods and practices employed during data collection remain questionable, 715 

with known limitations surrounding the use of the non-invasive methods used to complete 716 

maturity assessments, coupled with poor staff training and competency for conducting these 717 

assessments.  Accelerated phases of growth and the 12-month period around PHV, maturity 718 

status (% predicted adult height), muscle strength/flexibility imbalances and ‘adolescent 719 

awkwardness’ were deemed as highly important maturity-related risk factors, with the belief 720 

that longitudinal and accurate monitoring of maturation every 6-12 weeks is needed within 721 

academy environments. Apophysitis injuries involving the hip/pelvis were deemed harder to 722 

diagnose and treat, with further training needed on how to handle and treat players with these 723 

types of conditions. How these findings impact player outcomes remain unknown, but it is 724 

clear that better education/training, dissemination of research findings and collaboration 725 

between researchers and practitioners is needed. It is hopeful that this study can act as an anchor 726 

between academic and practitioner environments to align objectives, implement effective 727 
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interventions and build stronger partnerships between researchers and practitioners working 728 

with youth academy players, to ultimately produce better outcomes for their long-term 729 

development. 730 

Acknowledgements 731 

 The research term would like to extend their sincere gratitude to all the panellists for 732 

their time, patience and expertise.  733 

References 734 

1- Johnson D, Williams S, Bekker S, Bradley B, Cumming S. English academy football 735 

practitioners’ perceptions of training load, maturation and injury risk: A club case 736 

study. International Journal of Sports Science & Coaching. 2023;19(1). 737 

2- McBurnie AJ, Dos'Santos T, Johnson D, Leng E. Training Management of the Elite 738 

Adolescent Soccer Player throughout Maturation. Sports. 2021;9(12). 739 

3- Malina RM, Peña Reyes ME, Eisenmann JC, Horta L, Rodrigues J, Miller R. Height, 740 

mass and skeletal maturity of elite Portuguese soccer players aged 11–16 years. 741 

Journal of Sports Sciences. 2000; 18 (9). 742 

4- Johnson D, Williams S, Bradley B, Cumming SP. Can we reduce injury risk during 743 

the adolescent growth spurt? An iterative sequence of prevention in male academy 744 

footballers. Annals of Human Biology. 2023;50(1). 745 

5- Wik EH, Chamari K, Tabben M, Di Salvo V, Gregson W, Bahr R. Exploring Growth, 746 

Maturity, and Age as Injury Risk Factors in High-Level Youth Football. Sports 747 

Medicine Internation Open Journal. 2024; 8(8).  748 



35 

 

6- Kemper GL, van der Sluis A, Brink MS, Visscher C, Frencken WG, Elferink-Gemser 749 

MT. Anthropometric Injury Risk Factors in Elite-standard Youth Soccer. International 750 

Journal of Sports Medicine. 2015;36(13). 751 

7- van der Sluis A, Elferink-Gemser MT, Coelho-e-Silva MJ, Nijboer JA, Brink MS, 752 

Visscher C. Sport injuries aligned to peak height velocity in talented pubertal soccer 753 

players. International Journal of Sports Medicine. 2014;35(4). 754 

8- Parr J, Winwood K, Hodson-Tole E, Deconinck FJA, Parry L, Hill JP, et al. 755 

Predicting the timing of the peak of the pubertal growth spurt in elite male youth 756 

soccer players: evaluation of methods. Annals of Human Biology. 2020;47(4). 757 

9- Johnson DM, Williams S, Bradley B, Sayer S, Murray Fisher J, Cumming S. Growing 758 

pains: Maturity associated variation in injury risk in academy football. European 759 

Journal of Sport Science. 2020;20(4). 760 

10- Towlson C, Salter J, Ade JD, Enright K, Harper LD, Page RM, et al. Maturity-761 

associated considerations for training load, injury risk, and physical performance in 762 

youth soccer: One size does not fit all. Journal of Sport Health Science. 2021;10(4). 763 

11- Hall ECR, Larruskain J, Gil SM, Lekue JA, Baumert P, Rienzi E, et al. Injury risk is 764 

greater in physically mature versus biologically younger male soccer players from 765 

academies in different countries. Physical Therapy in Sport. 2022;55. 766 

12- Takei S, Torii S, Taketomi S, Iizuka S, Tojima M, Iwanuma S, et al. Developmental 767 

stage and lower quadriceps flexibilities and decreased gastrocnemius flexibilities are 768 

predictive risk factors for developing Osgood-Schlatter disease in adolescent male 769 

soccer players. Knee Surgery, Sports Traumatology, Arthroscopy. 2023;31(8). 770 

13- Arenas L, Frenger M, Skorski S, Meyer T. Survey of the current practices of German 771 

football academies towards biological maturation assessment. Science and Medicine 772 

in Football. 2023;1(1). 773 



36 

 

14- Windt J, Gabbett TJ. The workload-injury aetiology model. British Journal of Sports 774 

Medicine. 2017;51(21). 775 

15- Monasterio X, Gil SM, Bidaurrazaga-Letona I, Lekue JA, Santisteban J, Diaz-Beitia 776 

G, et al. Injuries according to the percentage of adult height in an elite soccer 777 

academy. Journal of Science and Medicine in Sport. 2021;24(3). 778 

16- Monasterio X, Gil SM, Bidaurrazaga-Letona I, Lekue JA, Santisteban JM, Diaz-779 

Beitia G, et al. The burden of injuries according to maturity status and timing: A two-780 

decade study with 110 growth curves in an elite football academy. European Journal 781 

of Sport Science. 2023;23(2). 782 

17- Salter J, De Ste Croix MBA, Hughes JD, Weston M, Towlson C. Monitoring 783 

Practices of Training Load and Biological Maturity in UK Soccer Academies. 784 

International Journal of Sports Physiology and Performance. 2021;16(3). 785 

18- Mirwald RL, Baxter-Jones AD, Bailey DA, Beunen GP. An assessment of maturity 786 

from anthropometric measurements. Medicine and Science in Sports and Exercise. 787 

2002;34(4). 788 

19- Fransen J, Bush S, Woodcock S, Novak A, Deprez D, Baxter-Jones ADG, et al. 789 

Improving the Prediction of Maturity From Anthropometric Variables Using a 790 

Maturity Ratio. Paediatric Exercise Science. 2018;30(2). 791 

20- Moore SA, McKay HA, Macdonald H, Nettlefold L, Baxter-Jones ADG, Cameron N, 792 

et al. Enhancing a Somatic Maturity Prediction Model. Medicine & Science in Sports 793 

& Exercise. 2015;47(8). 794 

21- Khamis HJ, Roche AF. Predicting adult stature without using skeletal age: the 795 

Khamis-Roche method. Paediatrics. 1994;94(4 Part 1). 796 

22- Towlson C, Watson DJ, Cumming S, Salter J, Toner J. Soccer academy practitioners' 797 

perceptions and application of bio-banding. PLoS One. 2023;18(1). 798 



37 

 

23- Lloyd RS, Oliver JL, Faigenbaum AD, Myer GD, De Ste Croix MBA. Chronological 799 

Age vs. Biological Maturation: Implications for Exercise Programming in Youth. The 800 

Journal of Strength & Conditioning Research. 2014;28(5). 801 

24- Sullivan J, Roberts SJ, McKeown J, Littlewood M, McLaren-Towlson C, Andrew M, 802 

et al. Methods to predict the timing and status of biological maturation in male 803 

adolescent soccer players: A narrative systematic review. PLoS One. 2023;18(9). 804 

25- Light N, Johnson A, Williams S, Smith N, Hale B, Thorborg K. Injuries in youth 805 

football and the relationship to player maturation: An analysis of time-loss injuries 806 

during four seasons in an English elite male football academy. Scandinavian Journal 807 

of Medicine and Science in Sports. 2021;31(6). 808 

26- Towlson C, Cumming SP. Bio-banding in soccer: past, present, and future. Annals of 809 

Human Biology. 2022;49(7-8). 810 

27- Bartlett JD, Drust B. A framework for effective knowledge translation and 811 

performance delivery of Sport Scientists in professional sport. European Journal of 812 

Sport Science. 2021;21(11). 813 

28- Jünger S, Payne SA, Brine J, Radbruch L, Brearley SG. Guidance on Conducting and 814 

REporting DElphi Studies (CREDES) in palliative care: Recommendations based on a 815 

methodological systematic review. Palliative Medicine. 2017;31(8). 816 

29- Scantlebury S, Ramirez C, Cummins C, Stokes K, Tee J, Minahan C, et al. Injury risk 817 

factors and barriers to their mitigation for women playing rugby league: a Delphi 818 

study. Journal of Sports Science. 2022;40(13). 819 

30- van der Horst N, Denderen RV. Isokinetic hamstring and quadriceps strength 820 

interpretation guideline for football (soccer) players with ACL reconstruction: a 821 

Delphi consensus study in the Netherlands. Science and Medicine in Football. 822 

2022;6(4). 823 



38 

 

31- Roberts SJ, McRobert AP, Lewis CJ, Reeves MJ. Establishing consensus of position-824 

specific predictors for elite youth soccer in England. Science and Medicine in 825 

Football. 2019;3(3). 826 

32- Hasson F, Keeney S, McKenna H. Research guidelines for the Delphi survey 827 

technique. Journal of Advanced Nursing. 2000;32(4). 828 

33- Vernon W. The Delphi technique: A review. International journal of therapy and 829 

rehabilitation. 2009;16. 830 

34- Zambaldi M, Beasley I, Rushton A. Return to play criteria after hamstring muscle 831 

injury in professional football: a Delphi consensus study. British Journal of Sports 832 

Medicine. 2017;51(16). 833 

35- Read PJ, Jimenez P, Oliver JL, Lloyd RS. Injury prevention in male youth soccer: 834 

Current practices and perceptions of practitioners working at elite English academies. 835 

Journal of Sports Science. 2018;36(12). 836 

36- Gavigan N, Belton S, Britton U, Dalton S, Issartel J. The structural and convergent 837 

validity of the FMS2 assessment tool among 8- to 12-year-old children. European 838 

Physical Education Review. 2023;30(3). 839 

37- Quatman-Yates CC, Quatman CE, Meszaros AJ, Paterno MV, Hewett TE. A 840 

systematic review of sensorimotor function during adolescence: a developmental 841 

stage of increased motor awkwardness? British Journal of Sports Medicine. 842 

2012;46(9). 843 

38- Mosher A, Till K, Fraser-Thomas J, Baker J. Revisiting Early Sport Specialization: 844 

What’s the Problem? Sports Health. 2022;14(1). 845 

39- Padua DA, Frank B, Donaldson A, de la Motte S, Cameron KL, Beutler AI, et al. 846 

Seven steps for developing and implementing a preventive training program: lessons 847 

learned from JUMP-ACL and beyond. Clinical Sports Medicine. 2014;33(4). 848 



39 

 

40- Weston M. Training load monitoring in elite English soccer: a comparison of 849 

practices and perceptions between coaches and practitioners. Science and Medicine in 850 

Football. 2018;2(3). 851 

41- Nosek P, Brownlee TE, Drust B, Andrew M. Feedback of GPS training data within 852 

professional English soccer: a comparison of decision making and perceptions 853 

between coaches, players and performance staff. Science and Medicine in Football. 854 

2021;5(1). 855 

42- Romann M, Fuchslocher J. Assessment of Skeletal Age on the Basis of DXA-Derived 856 

Hand Scans in Elite Youth Soccer. Research in Sports Medicine. 2015;24. 857 

43- Wik EH, Lolli L, Chamari K, Materne O, Di Salvo V, Gregson W, et al. Injury 858 

patterns differ with age in male youth football: a four-season prospective study of 859 

1111 time-loss injuries in an elite national academy. British Journal of Sports 860 

Medicine. 2021;55(14). 861 

44- Tee JC, Rongen F, editors. ‘How’ a multidisciplinary team worked effectively to 862 

reduce injury in a professional sport environment. [Preprint] 2020 [cited 2024 May 1]. 863 

Available from: https://eprints.leedsbeckett.ac.uk/id/eprint/6276/.  864 

45- O'Brien J, Finch CF. Injury prevention exercise programmes in professional youth 865 

soccer: understanding the perceptions of programme deliverers. BMJ Open Sport and 866 

Exercise Medicine. 2016;2(1). 867 

46- Donaldson A, Callaghan A, Bizzini M, Jowett A, Keyzer P, Nicholson M. A concept 868 

mapping approach to identifying the barriers to implementing an evidence-based 869 

sports injury prevention programme. Injury Prevention. 2019;25(4). 870 

47- Yamada AF, Puchnick A, Filho FRP, Narahashi E, Arliani GG, de Castro Pochini A, 871 

et al. Hip apophyseal injuries in soccer players: can MRI findings be useful to define 872 

when to return to play? Skeletal Radiology. 2021;50(11). 873 



40 

 

48- Le Gall F, Carling C, Reilly T, Vandewalle H, Church J, Rochcongar P. Incidence of 874 

injuries in elite French youth soccer players: a 10-season study. American Journal of 875 

Sports Medicine. 2006;34(6). 876 

49- Gudelis M, Perez LT, Cabello JT, Leal DM, Monaco M, Sugimoto D. Apophysitis 877 

Among Male Youth Soccer Players at an Elite Soccer Academy Over 7 Seasons. 878 

Orthopaedic Journal of Sports Medicine. 2022;10(1). 879 

50- Sailly M, Whiteley R, Read JW, Giuffre B, Johnson A, Hölmich P. Pubic apophysitis: 880 

a previously undescribed clinical entity of groin pain in athletes. British Journal of 881 

Sports Medicine. 2015;49(12). 882 

51- Bult HJ, Barendrecht M, Tak IJR. Injury Risk and Injury Burden Are Related to Age 883 

Group and Peak Height Velocity Among Talented Male Youth Soccer Players. 884 

Orthopaedic Journal of Sports Medicine. 2018;6(12). 885 

Supporting information 886 

Supporting information file 1- Delphi poll round one synthesis 887 

Supporting information file 2- Delphi poll round two background report  888 

Supporting information file 3- Delphi poll round two synthesis 889 

Supporting information file 4- Delphi poll round three background report 890 

Supporting information file 5- Delphi poll round three synthesis 891 


