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ABSTRACT 24 

Objectives: To describe all health problems (injuries and illnesses) in relation to type, location, 25 

incidence, prevalence, time loss, severity, and burden, in competitive adolescent distance 26 

runners in England. Design: Prospective observational study. Methods: 136 competitive 27 

adolescent distance runners (73 female athletes) self-reported all health problems for 24-weeks 28 

between May and October 2019. Athletes self-reported health problems using the Oslo Sports 29 

Trauma Research Center Questionnaire on Health Problems. Results: The incidence of 30 

running-related injury per 1,000 hours of exposure was markedly higher, compared to previous 31 

research. At any time, 24% [95% Confidence Intervals (CI):21-26%] of athletes reported a 32 

health problem, with 11% [95% CI:9-12%] having experienced a health problem that had 33 

substantial negative impact on training and performance. Female athletes reported noticeably 34 

more illnesses, compared to male athletes, including higher prevalence, incidence, time loss, 35 

and severity. The most burdensome health problems, irrespective of sex, included lower leg, 36 

knee, and foot/toes injuries, alongside upper respiratory illnesses. The mean weekly prevalence 37 

of time loss was relatively low, regardless of health problem type or sex. Conclusion: 38 

Competitive adolescent distance runners are likely to be training and competing whilst 39 

concurrently experiencing health problems. These findings will support the development of 40 

injury and illness prevention measures.  41 

 42 

WORD COUNT: 200 43 

 44 

KEY WORDS: Athlete Health Protection, Prospective Study, Epidemiology, Injury 45 

Prevention, Illness, Performance, Athletics, Track and Field.   46 
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INTRODUCTION  47 

Distance running is one of the most popular sports among children and adolescents around the 48 

world.1 In England, distance running has been reported to be the second most prevalent sport 49 

among adolescents.2 Although distance running is associated with multiple health benefits in 50 

later life,3 adult-based research indicates that participation is also associated with negative 51 

health outcomes, such as injury.4 In adolescent distance runners, there is a lack of research that 52 

has investigated such outcomes.5 This population is often included as a sub-group within larger 53 

multi-sport samples of adolescent athletes,6-11 whereby sex differences have been investigated 54 

within a heterogenous population rather than at sport-specific levels.6 7 9 10 Regardless, in those 55 

studies that include adolescent distance runners, the reported running-related injury (RRI) 56 

incidence ranges from 0.84 to 17.0  per 1,000 hours of exposure,7 8 10 12 13 and injury prevalence 57 

ranges from 15 to 32%.6 9 11 While these studies used different methodologies,14 which may 58 

account for these differences, data suggest that the most frequently injured anatomical body 59 

region is the lower limb, with the knee,6 8 10-13 15 lower leg,6 8 10 11 15 and ankle6 7 12 13 15 being the 60 

most commonly affected body areas. However, due to small sample sizes and narrow age 61 

ranges, there is limited opportunity to generalise these findings to other distance running 62 

populations.  63 

Another limitation of the existing distance running literature (adult and paediatric populations) 64 

is that numerous epidemiological studies use a time loss or medical attention injury definition, 65 

and often do not account for illness within their study design.16 Therefore, these studies may 66 

have underestimated the total number of health problems (injuries and illnesses),14 16-18 while 67 

ignoring the potential impact of illnesses. For example, injuries that do not result in time loss, 68 

and allow athletes to continue to participate regardless of the injury, may be missed. This “loss 69 

of detail” is exacerbated when studying adolescent athletes and not examining sex differences 70 

within sub-groups of broader sporting populations (i.e., focusing upon track and field athletes, 71 
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instead of distance runners). This is an important consideration given that the growth and 72 

maturation of adolescent athletes differs according to sex.19 20 Therefore, any sex differences 73 

related to the burden of health problems, defined as the cross-product of severity and 74 

incidence,21 may require further attention, with the possibility of developing sex- and event-75 

specific injury and illness prevention measures.       76 

The purpose of this study was to describe the prevalence, incidence, severity, and burden of 77 

health problems within a population of competitive adolescent distance runners in England, 78 

using a prospective cohort study design. Specifically, the study aimed to (1) describe all health 79 

problems in relation to type, location, incidence, prevalence, time loss, severity, and burden, 80 

and (2) describe sex differences related to these outcomes.  81 

METHODS 82 

Study Design:  83 

This was a 24-week prospective cohort study based on weekly completion of an online 84 

questionnaire. Data collection took place between May and October 2019. This timeframe was 85 

chosen to reflect the international and domestic outdoor track and field season (approx. April 86 

until September) and the start of the cross-country season (approx. October to March).  87 

Participants:  88 

A total of 644 distance runners (athletes) from 210 England Athletics affiliated athletics clubs, 89 

aged between 13 and 18 years, were invited to participate in this study. These athletes were 90 

selected to take part based on achieving a Top-50 performance in their given age-group during 91 

2018, according to the publicly-available Power of 10 database, for all distance running events 92 

from 800 m up to 10,000 m, including the steeplechase.22 The Top-50 performances for each 93 

distance running event were collated according to the age-groups used in the Power of 10 94 

database: 13-14 years (U15), 15-16 years (U17), and 17-19 years (U20). Data extracted from 95 
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the Power of 10 database included: event ranking, performance time, name of athlete, year in 96 

age-group, name of coach, and name of athletics club. These data were not retained for analysis. 97 

Athletes that had achieved a Top-50 performance in their third year as an U20 were excluded 98 

due to being over the age of 18 years. Once exported, any duplicate data were identified (i.e., 99 

the same athlete achieving a Top 50 performance for multiple distance running events) and 100 

athletes were grouped according to their athletics club affiliation. Once collated, each athletics 101 

club was contacted by letter and email with study information and which athletes were eligible 102 

to take part. Each athletics club was actively encouraged to share this study information with 103 

eligible athletes, their coach, and guardians. If interested, these athletes were able to enrol onto 104 

the study by contacting the primary author (RM) via email or telephone. Athletes were 105 

excluded from the study if they were injured at the time of study enrolment, not aged between 106 

13 and 18 years old, unable to fully understand the study procedure, and/or failed to complete 107 

the consent/assent forms and/or baseline questionnaire. Both consent and assent were obtained 108 

before an athlete completed the baseline questionnaire. A flow diagram of the recruitment 109 

process is presented in Figure 1. Ethics approval was granted by the institutional ethics 110 

committee (180801/B/02).  111 

Athletes provided data on a rolling basis. During the first 4 weeks, the sample size (n) increased 112 

by the following amount: 98 (week 1), 16 (week 2), 19 (week 3), and 3 (week 4). The final 113 

study sample consisted of 136 athletes (73 female). Regardless of the athletes’ given week of 114 

enrolment, data were collected up to week 24. In relation to internal validity, the sex split within 115 

this study sample was 54% female, compared with 46% male. Within the total available sample 116 

(n = 644), the sex split was 48% female, compared with 52% male.        117 

Data Collection Procedures 118 

Baseline Questionnaire:  119 
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Before starting weekly data collection, each athlete completed a baseline questionnaire via 120 

Qualtrics XM (Provo, Utah, USA), an online platform that is compatible with computers and 121 

mobile devices. The questionnaire included sections on background demographics (e.g. date of 122 

birth), performance history (e.g. event preferences), training practices (e.g. sessions per week), 123 

and medical information (e.g. injury history). This questionnaire was based on previous 124 

research,6 15 23 and developed for a prior study (unpublished). Key stakeholders were involved 125 

in the development of this questionnaire to ensure that it was appropriate for the target audience 126 

(face validity). This included adolescent distance runners, parents, athletics coaches, and sports 127 

physiotherapists (n = 12). Please see supplementary material for a copy of this questionnaire.  128 

Participant characteristics were calculated from these questionnaire responses. Chronological 129 

age (decimal age) was calculated, before being categorised according to age-group: 13-14 years 130 

(U15), 15-16 years (U17), and 17-18 years (U19). Training ages (i.e., number of years 131 

participating in distance running); stature (cm), body mass (kg), current performance level (i.e., 132 

club, county, regional, national, or international), and injury history were all self-reported. Each 133 

athlete’s age at peak height velocity (PHV) was determined by applying sex-specific maturity 134 

offset equations,24 and used to estimate maturity timing and tempo.25  135 

Weekly Data Collection: 136 

Injury and illness data were collected using the Oslo Sports Trauma Research Center 137 

questionnaire on health problems (OSTRC-H).17 26 27 The questionnaire has demonstrated good 138 

validity and reliability in samples including runners.26 It consists of four questions about athlete 139 

participation in sport, training volume, sports performance, and symptoms of health problems 140 

during the previous 7 days.17 The response to each of these questions is given a value between 141 

0 and 25, with 0 (minimum value) representing “no problems” and 25 (maximum value) 142 

representing “severe problems”. The four values were summed to calculate a severity score 143 

from 0 to 100 for each recorded health problem. If the athlete answered all four questions with 144 
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the minimum value (full participation without health problems, no reduction in training volume 145 

or sports performance, and no symptoms), the OSTRC-H was completed for that week. If 146 

athletes reported a health problem, they were asked to self-report whether it was an injury or 147 

an illness. Athletes were asked to record the anatomical location of all reported injuries, and 148 

the main symptoms experienced for all reported illnesses. For all recorded health problems, 149 

athletes were asked to record the number of days of complete time loss from training and 150 

competition, whether the health problem had previously been recorded, and who the health 151 

problem had been reported to (i.e., nobody, medical doctor, or physiotherapist). Athletes were 152 

able to report multiple health problems per week. Alongside the OSTRC-H, athletes were also 153 

asked to self-report a weekly training diary, having been encouraged to record this throughout 154 

the week. Each weekly training diary allowed athletes to detail the type, total duration, distance 155 

covered, and rating of perceived exertion related to all of their running-related training sessions 156 

or competitions. Athletes also completed the adolescent version of the Profile of Mood States.28  157 

The OSTRC-H was sent to athletes on a weekly basis (every Sunday) by email from 5th May 158 

until 13th October 2019 (24 weeks) and was completed via Qualtrics XM. If athletes did not 159 

complete the questionnaire, email reminders were sent on the following day (Monday), after 160 

two days (Wednesday), and after four days (Friday). The athlete’s parents or legal guardians 161 

were copied into the email reminders after two and four days, respectively. If a response had 162 

still not been received after five days (Saturday), the principal investigator would send an SMS 163 

reminder to non-responders. If the questionnaire remained unanswered by the time the 164 

subsequent weekly questionnaire was distributed, the athlete was categorised as a “non-165 

responder” for that specific week and recorded as missing data. 166 

Definition and Classification of Health Problems 167 

Aligned with recent consensus statements,16 29-31 a “broad”  definition of health problems was 168 

used, recording all health problems regardless of time loss and/or the need for medical 169 
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attention. Health problems were classified as an injury if they affected the musculoskeletal 170 

system and were classified as an illness if they affected a specific organ system or represented 171 

general symptoms. Athletes did not classify injuries as having an acute or overuse mechanism. 172 

Instead, the primary author (RM) classified injury onset as gradual or sudden. Health problems 173 

were defined as “substantial” if they caused moderate or severe reductions in training volume, 174 

moderate or severe reductions in performance, or complete inability to participate in distance 175 

running, according to the OSTRC-H scoring guide.17 26 Health problems were classified as 176 

having caused time loss if the injury or illness led to the athlete being unable to participate fully 177 

in distance running training and competition the day after the incident occurred.16 29  178 

Prevalence Calculations 179 

The following prevalence measures were calculated on a weekly basis: all health problems, 180 

substantial health problems, time loss health problems, all injuries, substantial injuries, time 181 

loss injuries, all illnesses, substantial illnesses, and time loss illnesses. The mean prevalence 182 

and 95% confidence intervals (CI) were calculated for the entire study period and stratified by 183 

sex. To avoid potential overreporting of health problems, each athlete’s first week of data were 184 

excluded from analyses.17   185 

Incidence and Relative Burden of Health Problems 186 

After reviewing each athlete’s questionnaire responses for the entire season, a list of cases was 187 

compiled that included the following details: type of health problem, body region and area (for 188 

injuries) or main organ system affected (for illnesses), number of weeks reported, cumulative 189 

time loss days, and cumulative severity score. To identify the main organ system affected for 190 

illnesses, the athletes’ self-reported symptoms were independently reviewed and classified by 191 

the first author and a medical doctor, using recommended categories.16 Once classified, 192 

differences were discussed and the main affected organ system was subsequently agreed upon 193 

(percentage agreement = 89%). The severity of each case was also based on its cumulative time 194 
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loss, reported as: none (0 days), slight (1 day), minimal (2-3 days), mild (4-7 days), moderately 195 

serious (8-28 days), serious (>28 days-6 months), or long-term (>6 months).29 The incidence 196 

of each type of health problem was expressed as both the number of cases per athlete per year 197 

(52 weeks) and per 1,000 hours of exposure. Exposure was calculated from the weekly training 198 

diary data.  199 

To reflect the relative burden of injuries and illnesses as a proportion of the total health burden, 200 

severity scores for each health problem were summed and divided by the cumulative severity 201 

score for all health problems.21 A risk matrix was created based on the severity and incidence 202 

of health problems in all affected injury body areas and illness organ systems, stratified by sex. 203 

Statistical Analysis 204 

For the participant characteristics, the statistical software SPSS (version 26.0; IBM., Chicago, 205 

USA) was used to calculate means and standard deviations (SD) for continuous variables. Also, 206 

solely in relation to participant characteristics, percentages (%) were calculated for categorical 207 

variables, while sex differences were analysed using independent samples t-tests for continuous 208 

variables and Chi-squared tests (X2) for categorical variables. Statistical significance was set 209 

at an alpha level of 0.05 and effect sizes (ES) for mean comparisons were described using 210 

Cohen’s thresholds (small = 0.2, medium = 0.5, large = 0.8).32 For the incidence and prevalence 211 

data, the statistical software R was used (version 3.6.1; The R Foundation for Statistical 212 

Computing., Vienna, Austria). 95% confidence intervals reported for incidence and prevalence 213 

data were used to indirectly infer differences between male and female athletes.   214 

RESULTS 215 

Response Rate and Participant Characteristics  216 

A total of 136 (73 female) adolescent distance runners participated in this study. Participant 217 

characteristics are shown in Table 1. Throughout the study, a total of 2969 questionnaires were 218 

distributed, and 2774 responses were received (mean weekly response rate, 91% (range: 85-219 
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99%)). During the follow-up period, 97 of the 136 (71%) athletes enrolled in the study 220 

completed every weekly questionnaire, while seven athletes dropped out of the study (Figure 221 

1). The data collected for these athletes until the time they dropped out were included in the 222 

analysis. Responses to the questionnaire were generally received on the Sunday (47%) or 223 

Monday (30%) and the median questionnaire completion time was 8 min.  224 

Number, Incidence, and Severity of Health Problems 225 

In total, 136 athletes reported 213 injuries and 150 illnesses. This translated to 4.0 new injuries 226 

and 2.8 new illnesses/athlete/year. The incidence for all health problems (both sexes combined) 227 

was 42.6 per 1,000 hours (95% CI, 38.4-47.1). The mean time loss was 4 days/athlete/year 228 

(95% CI, 3-5 days), with a mean of five days for injuries (95% CI, 3-7 days) and three days for 229 

illnesses (95% CI, 2-4 days) (Table 2).   230 

The most frequent injury locations were the lower leg (27%), knee (19%), and foot/toes (13%). 231 

For illnesses, the most frequently affected organ systems were upper respiratory (65%), lower 232 

respiratory (11%), and non-specific illness (10%). The number and severity of injuries (body 233 

region and area) and illnesses (organ system) are summarised in Table 3. 61% of injuries had 234 

a gradual onset and 39% had a sudden onset. The most frequent injury locations for gradual 235 

onset injuries were the lower leg (38%), knee (17%), and thigh (13%). In comparison, the most 236 

frequent injury locations for sudden onset injuries were the knee (22%), foot/toes (20%), lower 237 

leg (11%), and ankle (11%).     238 

Prevalence of Health Problems 239 

The weekly mean prevalence of all health problems, substantial health problems, and time loss 240 

health problems are presented in Table 4. When compared to all health problems, the mean 241 

weekly prevalence was reduced for substantial health problems (approx. 50%), and again for 242 

time loss health problems (approx. 33%) across the sample.    243 
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Burden of Health Problems 244 

Using the total number of time loss days as the basis for injury severity when calculating 245 

relative burden (Table 2), injuries represented 80% of the total burden of health problems, with 246 

illnesses representing 20%. This was 66% and 34% for female athletes, compared to 85% and 247 

15% for male athletes, respectively. Using cumulative severity score as the basis for injury 248 

severity (Table 2), injuries represented 70% of the total burden of health problems, with 249 

illnesses representing 30%. This was 61% and 39%, and 82% and 18% for female and male 250 

athletes, respectively.  251 

Figure 2 illustrates the relationship between severity and incidence for the five most commonly 252 

affected body areas (injuries) and organ systems (illnesses), stratified by sex, with 253 

supplementary data provided for all other health problems.   254 

Regardless of sex differences, the body areas representing the highest burden of injuries were 255 

the lower leg, knee, and foot/toes. For affected organ systems, the highest burden of illnesses 256 

was caused by upper respiratory illness, non-specific illness, and lower respiratory illnesses.  257 

DISCUSSION 258 

To the authors’ knowledge, this is the first study to record all injuries and illnesses, including 259 

those that did not result in time loss and/or medical attention, exclusively in a population of 260 

competitive adolescent distance runners. The key findings were that: 1) the incidence of RRI 261 

per 1,000 hours of exposure was markedly higher when compared to previous research; 2) at 262 

any time, 24% of athletes reported a health problem, with 11% having experienced a health 263 

problem that had substantial negative impact on training and performance; 3) female athletes 264 

reported noticeably more illnesses compared with male athletes, including higher prevalence, 265 

incidence, time loss, and severity; 4) the most burdensome health problems, regardless of sex, 266 

included lower leg, knee, and foot/toes injuries, alongside upper respiratory illnesses; and 5) 267 
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the mean weekly prevalence of time loss was relatively low, regardless of health problem type 268 

or sex. 269 

The first key finding was that the incidence of RRI per 1,000 hours of exposure was markedly 270 

higher when compared to previous research. For example, the reported RRI per 1,000 hours 271 

for all injuries, including male and female athletes, within this study (25.0) was higher than 272 

that reported in similar cohorts of adolescent endurance athletes (range: 4.0-13.1), when using 273 

a prospective study design.8 10 12 These differences remain apparent when sex-specific analyses 274 

are made. The data from the present study is also higher than that previously reported in novice 275 

adult distance runners.33 Differences between the aforementioned studies may be explained by 276 

the fact that the present study included data from the outdoor Track and Field season, whereby 277 

athletes regularly reduced their training volume in order to perform to their best ability in races. 278 

Likewise, a period of rest (i.e., training break) was usually taken following athletes’ final track 279 

race of the season, before transitioning into the cross-country season. When combined, this 280 

highlights that the reported exposure may have been lower than if the study had captured data 281 

throughout an entire calendar year. Further to this, the use of a broad definition of recordable 282 

health problems, capturing ‘all health problems,’ may inflate the reported incidence per 1,000 283 

of exposure. 284 

The mean weekly prevalence of all health problems reported within this study (24%) was lower 285 

than that reported in cohorts of adolescent endurance athletes (range: 32.7-38%), as part of sub-286 

group analyses in studies that used similar methods.9 11 Likewise, the reported mean weekly 287 

prevalence of substantial health problems within this study (11%) was lower than that reported 288 

in comparable cohorts (range: 17.6-22%).9 11 These studies,9 11 as well as the current study, 289 

demonstrate a pattern that approximately half of all health problems are substantial. When only 290 

focussing on injuries, the mean weekly prevalence reported within this study (16%) is both 291 

similar to (range: 15-19.4%),9 10 and lower than (range: 25.9-32.4%),8 11 that reported in similar 292 
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cohorts of adolescent endurance athletes. For illnesses, the mean weekly prevalence reported 293 

within this study (8%) is predominantly lower than that reported in the comparable studies 294 

(range: 14-23%),8-10 with the exception being a cohort of elite Irish adolescent endurance 295 

athletes (6.9%).11 Differences between these studies may be explained by the longer follow-up 296 

period (52-weeks) used in two of the studies,8 10 thus being representative of a full calendar 297 

year, in addition to the possibility that the smaller sample sizes (range: 25 to 76) used in these 298 

studies overestimate the prevalence of these health problems.8-11 The fundamental 299 

methodological differences between other studies make any further comparison difficult.  300 

The third key finding was that female athletes reported more illnesses (109 illnesses, 73 301 

participants), compared to male athletes (41 illnesses, 63 participants). They also reported more 302 

injuries (118 injuries, 73 participants) than male athletes (95 injuries, 63 participants) too, 303 

although this is a less noticeable difference compared to illnesses. In this study, this resulted in 304 

higher prevalence, incidence, time loss, and severity data relating to illnesses in female athletes. 305 

In the two available studies that report sex differences specific to adolescent distance runners,8 306 

11 this pattern is consistent. However, in studies that combine sport sub-samples when analysing 307 

sex-differences,9 10 this pattern is not identified. Also, the difference between female and male 308 

athletes, in relation to weekly illness prevalence data (8%), is more pronounced in the present 309 

study, when compared to others (~3-4%).8 11 Nonetheless, this identified sex difference in self-310 

reported illness (and wider health problems) is consistent across general adolescent populations 311 

in Europe and North America,34 and elite adult athletes.31 When trying to explain this sex 312 

difference, it is apparent that female athletes self-report upper and lower respiratory illnesses, 313 

and non-specific illnesses, more often than male athletes do. While the data related to 314 

respiratory illnesses are contrary to those sex differences reported in non-athletic populations, 315 

including adults and adolescents,35 it does align with research in adult endurance athletes.36 In 316 

relation to non-specific illnesses, the higher number self-reported by female athletes is difficult 317 
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to explain without aetiological information, derived from medical diagnoses. Therefore, future 318 

research should look to describe and analyse this sex difference according to specific diagnosis 319 

and aetiology.16 320 

In relation to the burden of health problems (Figure 2), results were similar regardless of sex. 321 

For example, the body region resulting in the greatest burden from injuries was the lower limb, 322 

with the greatest burden according to body area being to the lower leg, knee, and foot/toes. 323 

Although comparison to previous research is problematic, these reported body areas are largely 324 

consistent with previous adult- and adolescent-based research, irrespective of mode of onset.4 325 

6 8 10-13 15 When combined with the prevalence and incidence data, these results indicate that 326 

injury and illness prevention measures for competitive adolescent distance runners should 327 

focus on reducing the risk of these specific injuries. Also, as overuse is the usual mode of onset 328 

within distance running, any measures should attempt to address this problem. In relation to 329 

illnesses, the greatest burden was related to upper respiratory illnesses, in both male and female 330 

athletes. While this finding is consistent across the majority of sports,37 the development of 331 

prevention measures within this population may also want to consider this illness system. When 332 

combined, these findings demonstrate that a holistic approach to injury and illness prevention 333 

is required, whereby a range of different prevention strategies may need to be applied.        334 

As a pattern identified in the data, the mean weekly prevalence of time loss health problems, 335 

regardless of type or sex, was relatively low. For example, the mean weekly prevalence of all 336 

health problems was 24%, compared to 4% when employing a time loss definition. This means 337 

that a large proportion of self-reported health problems did not cause athletes to miss training 338 

and competition. Although this could be interpreted as a positive finding in relation to athlete 339 

availability, it also worryingly highlights that competitive adolescent distance runners are 340 

likely to be training and competing whilst also experiencing a health problem. The potentially 341 

adverse consequences of this practice are concerning, representing a “silent issue” in the sport 342 
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that is largely overlooked by youth sport consensus statements19 38 39 and long-term athlete 343 

development models.40 However, this finding may be aligned to the nature of endurance sports, 344 

whereby athletes are required to sustain consistent and monotonous training intensities, 345 

durations, and frequencies,41 regardless of health problems. Therefore, the potentially negative 346 

consequences of training and competing when concurrently experiencing a health problem 347 

warrants further investigation, while improved access to medical support at the time of initial 348 

injury may act to limit this pattern.  349 

Methodological Considerations 350 

Data collection was reliant on athlete self-report outcomes, without any dedicated support from 351 

medical professionals. Although this is normal for adolescent distance running in England, it 352 

means that recording specific diagnoses for injuries and illnesses was not possible16 and, as 353 

discussed elsewhere,17 using an “all health problems” definition can result in overreporting of 354 

minor and transient problems (i.e., non-specific symptoms). However, within a homogenous 355 

population of distance runners, it is more likely that differences in reporting introduce ‘random 356 

noise,’ rather than systematic bias into the results, whereby some athletes may under-report 357 

and others may over-report. Nonetheless, to account for the potential issue of over-reporting, 358 

the “substantial health problems” definition provides additional information on the full impact 359 

of injuries and illnesses in this population of adolescent athletes. Also, injuries were not 360 

classified based on their mechanism.16 However, based on previous studies,6 7 9 11 15 38 and the 361 

nature of the sport, it is likely that most injuries in this population have a repetitive mechanism, 362 

irrespective of whether the onset was sudden or gradual.  363 

An additional study limitation is the extent to which these findings are generalisable to more 364 

recreational adolescent distance runners and different periods of the calendar year. With the 365 

emphasis being on competitive athletes, future studies may wish to focus their attention on the 366 
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wider population of distance runners, allowing for comparison to these data. Likewise, a longer 367 

follow-up period (i.e., one year) may better capture seasonal variations related to the incidence, 368 

prevalence, and burden of health problems within this population. As internal validity is a 369 

prerequisite for generalisability,42 it is also important to highlight that the proportionately low 370 

sample size (representing 22% of the total possible sample), coupled with the rolling enrolment 371 

of participants, may have unintentionally made the potential for bias greater. However, this 372 

form of baseline self-selection resulted in a group of highly motivated participants, evidenced 373 

by the high mean weekly response rate (91%) and small number of participants who dropped 374 

out of the study (n = 7). This can be upheld as a methodological strength of this study and, in 375 

turn, can be seen to decrease selection bias.      376 

Practical Implications 377 

Future injury and illness prevention measures within this population should be aimed at 378 

reducing the risk of lower limb injuries, with an emphasis on the lower leg, knee, and foot/toes 379 

– supported by previous research.6 8 10-13 15 The development of prevention measures should 380 

also consider how to address the possibility that adolescent distance runners are training and 381 

competing whilst concurrently experiencing health problems, including attempting to improve 382 

initial access to medical support. This is important to consider in relation to safeguarding the 383 

long-term health and wellbeing of these athletes, whereby excelling as an adolescent athlete is 384 

unlikely to be necessary for, nor a guarantee of, success as a senior athlete.43 An additional 385 

practical implication is that sex differences in the self-reporting of respiratory and non-specific 386 

illnesses should be incorporated into the debate surrounding youth athletic development,19 with 387 

further evidence required to explain this difference. Based on the findings of this study, future 388 

descriptive epidemiological studies including adolescent athletes should present data for male 389 

and female athletes separately.  390 
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From a methodological perspective, it is important to reiterate that the response rate during the 391 

study was high (91%), with a large proportion of athletes (71%) responding to every weekly 392 

questionnaire. Therefore, this study indicates that prospective self-report surveillance methods 393 

are feasible in this population, while the questionnaire distribution method can also be 394 

advocated for future studies. Finally, the application of the OSTRC-H questionnaire can be 395 

recommended, based on its simplicity and capacity to record all health problems.17 26 However, 396 

future studies should adopt the updated questionnaire,27 include medical diagnoses, and, where 397 

appropriate, extend the length of follow-up.   398 

PERSPECTIVES 399 

This study provides an important insight into the extent of health problems within a population 400 

of competitive adolescent distance runners. The incidence of RRI per 1,000 hours of exposure 401 

was markedly higher when compared to previous research. At any time throughout the follow-402 

up period, 24% of athletes had a health problem, with 11% having a substantial problem with 403 

a negative impact on their training and performance. Regardless of sex, lower leg, knee, and 404 

foot/toes injuries were the most burdensome health problems, alongside upper respiratory 405 

illnesses, which were a particular problem for female athletes. This study also shows that 406 

competitive adolescent distance runners are likely to be training and competing whilst 407 

concurrently experiencing health problems, whereby initial access to medical support needs to 408 

be improved. Therefore, appropriate management strategies for athletes and coaches should be 409 

developed (i.e., return-to-play decision making) for when health problems do occur. These data 410 

also support the development of holistic injury and illness prevention measures, that should 411 

aim to safeguard the long-term health and wellbeing of competitive adolescent distance 412 

runners.  413 

 414 
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APPENDICES  

Appendix 1: Baseline Questionnaire 

This questionnaire has been resubmitted as a PDF, as explained in the response to reviewers.  

 

Appendix 2: Supplementary Data 

A supplementary file has been provided for access to original data used to create the risk matrix, 

excluding means and 95% confidence intervals for health problems with less than three cases.   
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TABLES 

 

 

  

Table 1. Participant characteristics (data presented as mean and SD, unless otherwise stated) 

Characteristic Overall (n = 136) Female athletes (n = 73) Male athletes (n = 63) p-Value Effect Size 

Chronological age, years  15.9 (1.3) 15.8 (1.3) 16.1 (1.2) 0.15 0.25 

Training age, years  5.2 (2.1) 5.6 (2.1) 4.8 (1.9) 0.04 0.36 

Age-group (n, %):    X2 = 0.67  

  13-14 years 26 (19%) 19 (26%) 7 (11%)   

  15-16 years 72 (53%) 37 (51%) 35 (56%)   

  17-18 years 38 (28%) 17 (23%) 21 (33%)   

Stature, cm  171.0 (8.7) 166.1 (6.8) 176.6 (7.1) <0.01  1.52 

Body mass, kg  54.3 (9.1) 50.2 (6.9) 59.0 (9.1) <0.01  1.10 

Maturity timing (n, %)    X2 = 0.08  

  Pre-PHV 0 (0%) 0 (0%) 0 (0%)   

  At-PHV 7 (5%) 6 (8%) 1 (2%)   

  Post-PHV 129 (95%) 67 (92%) 62 (98%)   

Maturity tempo (n, %)    X2 = 0.26  

  Early 1 (1%) 1 (1%) 0 (0%)   

  Average 128 (94%) 70 (96%) 58 (92%)   

  Late 7 (5%) 2 (3%) 5 (8%)   

Injury <12 months    X2 = 0.24  

  Yes 100 (74%) 57 (78%) 43 (68%)   

  No 36 (27%) 16 (22%) 20 (32%)   

Current performance level (n, %):    X2 = 0.98  

  Club 10 (7%) 6 (8%) 4 (6%)   

  County 43 (32%) 22 (30%) 21 (33%)   

  Regional 16 (12%) 9 (12%) 7 (11%)   

  National 60 (44%) 32 (44%) 28 (44%)   

  International 7 (5%) 4 (6%) 3 (5%)   

Abbreviations: n, number; cm, centimetres; kg, kilograms; PHV, peak height velocity. 

NB: Due to rounding, not all numbers add up to stated N.  
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Table 2. Incidence, total time loss, and cumulative severity score of all health problems, all injuries, and all illnesses (split by sex) 

 Incidence Total time loss (d) Cumulative severity score (AU) 

 Cases/athlete/year 95% CI Cases/1,000 hours of exposure 95% CI   

All health problems (n = 363) 6.8 6.13-7.53 42.6 38.4-47.1 1433 30218 

Female athletes (n = 227) 4.3 3.7-4.8 50.5 44.1-57.5 813 17623 

Male athletes (n = 136) 2.5 2.1-3.0 33.8 28.3-40.0 620 12595 

All Injuries (n = 213) 4.0 3.5-4.6 25.0 21.8-28.6 1058 21121 

Female athletes (n = 118) 4.0 3.3-4.8 26.2 21.7-31.4 533 10785 

Male athletes (n = 95) 4.0 3.2-4.9 23.6 19.1-28.9 525 10336 

All Illnesses (n = 150) 2.8 2.4-3.3 17.6 14.9-20.7 375 9097 

Female athletes (n = 109) 3.7 3.0-4.4 24.2 19.9-29.2 280 6838 

Male athletes (n = 41) 1.7 1.3-2.3 10.2 7.3-13.8 95 2259 

Abbreviations: d, days; AU, arbitrary unit; %, percentage; CI, confidence interval; n, number. 
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Table 3. Severity of time loss of all health problems, all injuries (body region and area), and all illnesses (organ system).    

Classification Cases (number)  

     Body region Female athletes  Male athletes  

          Body area / organ system 0 days 1-7 days 8-28 days >28 days Total Time Loss (days)  0 days 1-7 days 8-28 days >28 days Total Time Loss (days) 

All health problems 98 157 11 7 810  50 73 13 6 623 

All injuries 49 52 5 6 530  36 50 9 6 528 

     Lower limb 41 45 5 5 490  31 41 8 6 488 

          Foot/toes 2 9 2 1 132  5 4 3 1 84 

          Ankle 5 2 0 0 6  4 5 2 1 76 

          Lower leg 11 12 1 3 224  10 18 1 2 172 

          Knee 12 12 1 1 92  5 7 0 2 116 

          Thigh 6 8 0 0 20  4 5 1 0 27 

          Hip/groin 5 2 1 0 16  3 2 1 0 13 

     Trunk 6 7 0 1 40  4 6 0 0 18 

          Abdomen 0 1 0 0 2  0 0 0 0 0 

          Lumbosacral 4 4 0 1 36  2 6 0 0 18 

          Thoracic spine 2 0 0 0 0  0 0 0 0 0 

          Chest 0 2 0 0 2  2 0 0 0 0 

     Upper limb 2 0 0 0 0  1 3 1 0 22 

          Wrist 0 0 0 0 0  0 1 0 0 4 

          Elbow 1 0 0 0 0  0 0 0 0 0 

          Shoulder 1 0 0 0 0  1 2 1 0 18 

All illnesses 49 53 6 1 280  14 23 4 0 95 

          Upper respiratory 33 28 6 0 142  9 18 4 0 80 

          Lower respiratory  8 5 0 0 9  2 1 0 0 2 

          Gastrointestinal 2 4 0 0 7  0 1 0 0 2 

          Neurological 1 1 0 0 1  0 0 0 0 0 

          Psychological 0 2 0 0 9  1 0 0 0 0 

          Dermatological 0 0 0 0 0  0 1 0 0 7 

          Non-specific illness 4 9 0 1 101  0 1 0 0 1 

          Energy, load management and nutrition 1 4 0 0 11  2 1 0 0 3 
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Table 4. Weekly prevalence of all health problems, substantial health problems, and time loss health problems (in percentages) 

 All Female athletes Male athletes 

 Mean 95% CI Mean 95% CI Mean 95% CI 

All health problems 24 21-26 27 24-30 20 16-23 

 All injuries 16 14-18 16 15-16 16 13-18 

     All illnesses 8 7-10 12 9-14 4 3-6 

Substantial health problems 11 9-12 10 9-12 11 9-13 

 All injuries 7 6-9 6 5-7 9 7-11 

 All illnesses 4 3-4 4 3-6 2 1-3 

Time loss health problems 4 3-4 3 3-4 4 3-5 

 All injuries 3 2-4 3 2-4 3 2-5 

 All illnesses 0 0-1 1 0-1 0 0-1 

Abbreviations: %, percentage; CI, confidence interval.     
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FIGURES 

Figure 1 
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Figure 2 
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FIGURE CAPTIONS 

Figure 1. Study flow chart illustrating participant recruitment, enrolment, and dropout. N.B. 

Due to the nature of data collection, it is not possible to confirm whether all 443 athletes 

received study information. Only the athletics clubs confirmed receipt of this information.  

  

Figure 2. Risk matrices illustrating the relationship between severity (consequence) and 

incidence (likelihood) of all injuries (areas) and illnesses (systems) with three or more reported 

cases in a population of competitive adolescent distance runners, stratified by sex. The five 

most commonly affected health problems are labelled. Shading illustrates the relative 

importance of each health problem; the darker the colour, the greater the overall burden, and 

the greater the priority should be given to prevention. A supplementary file can be downloaded 

for access to original data, excluding means and 95% confidence intervals for health problems 

with less than three cases.   

   

 


