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ABSTRACT

To describe all health problems (injuries and illnesses) in relation to type, location, incidence, prevalence,
time loss, severity, and burden, in competitive adolescent distance runners in England. Prospective
observational study: 136 competitive adolescent distance runners (73 female athletes) self-reported all
health problems for 24-weeks between May and October 2019. Athletes self-reported health problems
using the Oslo Sports Trauma Research Centre Questionnaire on Health Problems. The incidence of
running-related injury per 1,000 hours of exposure was markedly higher, compared to previous research.
At any time, 24% [95% Confidence Intervals (Cl): 21-26%] of athletes reported a health problem, with 11%
[95% Cl: 9-12%] having experienced a health problem that had substantial negative impact on training
and performance. Female athletes reported noticeably more illnesses, compared to male athletes,
including higher prevalence, incidence, time loss, and severity. The most burdensome health problems,
irrespective of sex, included lower leg, knee, and foot/toes injuries, alongside upper respiratory illnesses.
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Introduction

Distance running is one of the most popular sports among chil-
dren and adolescents around the world (Hulteen et al., 2017). In
England, distance running has been reported to be the second
most prevalent sport among adolescents (Sport England, 2019).
Although distance running is associated with multiple health
benefits in later life (Pedisic et al., 2019), adult-based research
indicates that participation is also associated with negative health
outcomes, such as injury (Van Gent et al, 2007). In adolescent
distance runners, there is a lack of research that has investigated
such outcomes (Steffen & Engebretsen, 2010). This population is
often included as a sub-group within larger multi-sport samples of
adolescent athletes (Carragher et al., 2019; Jacobsson et al., 2012;
Moseid et al.,, 2018; Pierpoint et al., 2016; Von Rosen et al., 2017;
Von Rosen et al.,, 2018), whereby sex differences have been inves-
tigated within a heterogeneous population rather than at sport-
specific levels (Jacobsson et al., 2012; Moseid et al., 2018; Pierpoint
et al, 2016; Von Rosen et al., 2018). Regardless, in those studies
that include adolescent distance runners, the reported running-
related injury (RRI) incidence ranges from 0.84 to 17.0 per
1,000 hours of exposure (Pierpoint et al., 2016; Rauh et al., 2006,
2000; Von Rosen et al,, 2017; Von Rosen et al., 2018), and injury
prevalence ranges from 15% to 32% (Carragher et al, 2019;

Jacobsson et al.,, 2012; Moseid et al,, 2018). While these studies
used different methodologies, which may account for these differ-
ences (Tabben et al., 2020), data suggest that the most frequently
injured anatomical body region is the lower limb, with the knee
(Jacobsson et al., 2012; Von Rosen et al., 2017; Huxley et al., 2014),
lower leg (Carragher et al.,, 2019; Huxley et al., 2014; Jacobsson
et al, 2012; Von Rosen et al., 2017; Von Rosen et al., 2018), and
ankle (Huxley et al., 2014; Jacobsson et al.,, 2012; Pierpoint et al.,
2016; Rauh et al., 2006, 2000) being the most commonly affected
body areas. However, due to small sample sizes and narrow age
ranges, there is limited opportunity to generalise these findings to
other distance running populations.

Another limitation of the existing distance running literature
(adult and paediatric populations) is that numerous epidemio-
logical studies use a time loss or medical attention injury defini-
tion, and often do not account for illness within their study
design (Bahr et al., 2020). Therefore, these studies may have
underestimated the total number of health problems (injuries
and illnesses; Bahr et al., 2020; Clarsen & Bahr, 2014; Clarsen
et al., 2013; Tabben et al., 2020), while ignoring the potential
impact of illnesses. For example, injuries that do not result in
time loss, and allow athletes to continue to participate regard-
less of the injury, may be missed. This “loss of detail” is
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exacerbated when studying adolescent athletes and not exam-
ining sex differences within sub-groups of broader sporting
populations (i.e., focusing upon track and field athletes, instead
of distance runners). This is an important consideration given
that the growth and maturation of adolescent athletes differ
according to sex (Bergeron et al, 2015; Wik et al, 2020).
Therefore, any sex differences related to the burden of health
problems, defined as the cross-product of severity and inci-
dence (Bahr et al., 2018), may require further attention, with
the possibility of developing sex- and event-specific injury and
illness prevention measures.

The purpose of this study was to describe the prevalence,
incidence, severity, and burden of health problems within
a population of competitive adolescent distance runners in
England, using a prospective cohort study design. Specifically,
the study aimed to (1) describe all health problems in relation
to type, location, incidence, prevalence, time loss, severity, and
burden, and (2) describe sex differences related to these
outcomes.

Methods
Study design

This was a 24-week prospective cohort study based on weekly
completion of an online questionnaire. Data collection took
place between May and October 2019. This timeframe was
chosen to reflect the international and domestic outdoor
track and field season (approx. April until September) and the
start of the cross-country season (approx. October to March).

Participants

A total of 644 distance runners (athletes) from 210 England
Athletics affiliated athletics clubs, aged between 13 and
18 years, were invited to participate in this study. These athletes
were selected to take part based on achieving a Top-50 perfor-
mance in their given age-group during 2018, according to the
publicly available Power of 10 database, for all distance running
events from 800 m up to 10,000 m, including the steeplechase
(Power of 10, 2020). The Top-50 performances for each distance
running event were collated according to the age-groups used
in the Power of 10 database: 13-14 years (U15), 15-16 years
(U17), and 17-19 years (U20). Data extracted from the Power of
10 database included: event ranking, performance time, name
of athlete, year in age-group, name of coach, and name of
athletics club. These data were not retained for analysis.
Athletes that had achieved a Top-50 performance in their
third year as a U20 were excluded due to being over the age
of 18 years. Once exported, any duplicate data were identified
(i.e, the same athlete achieving a Top 50 performance for
multiple distance running events) and athletes were grouped
according to their athletics club affiliation. Once collated, each
athletics club was contacted by letter and email with study
information and which athletes were eligible to take part.
Each athletics club was actively encouraged to share this
study information with eligible athletes, their coach, and guar-
dians. If interested, these athletes were able to enrol onto the
study by contacting the primary author (RM) via email or
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telephone. Athletes were excluded from the study if they
were injured at the time of study enrolment, not aged between
13 and 18 years old, unable to fully understand the study
procedure, and/or failed to complete the consent/assent
forms and/or baseline questionnaire. Both consent and assent
were obtained before an athlete completed the baseline ques-
tionnaire. A flow diagram of the recruitment process is pre-
sented in Figure 1. Ethics approval was granted by the
institutional ethics committee (180801/B/02).

Athletes provided data on a rolling basis. During the first
4 weeks, the sample size (n) increased by the following amount:
98 (week 1), 16 (week 2), 19 (week 3), and 3 (week 4). The final
study sample consisted of 136 athletes (73 females). Regardless
of the athletes’ given week of enrolment, data were collected
up to week 24. In relation to internal validity, the sex split within
this study sample was 54% female, compared with 46% male.
Within the total available sample (n = 644), the sex split was
48% female, compared with 52% male.

Data collection procedures

Baseline questionnaire

Before starting weekly data collection, each athlete completed
a baseline questionnaire via Qualtrics XM (Provo, Utah, USA), an
online platform that is compatible with computers and mobile
devices. The questionnaire included sections on background
demographics (e.g., date of birth), performance history (e.g.,
event preferences), training practices (e.g., sessions per week),
and medical information (e.g., injury history). This question-
naire was based on previous research (Huxley et al., 2014;
Jacobsson et al,, 2012; Woollings et al., 2015), and developed
for a prior study (unpublished). Key stakeholders were involved
in the development of this questionnaire to ensure that it was
appropriate for the target audience (face validity). This included
adolescent distance runners, parents, athletics coaches, and
sports physiotherapists (n = 12). Please see supplementary
material for a copy of this questionnaire.

Participant characteristics were calculated from these ques-
tionnaire responses. Chronological age (decimal age) was cal-
culated, before being categorised according to age-group:
13-14 years (U15), 15-16 years (U17), and 17-18 years (U19).
Training ages (i.e., number of years participating in distance
running); stature (cm), body mass (kg), current performance
level (i.e., club, county, regional, national, or international),
and injury history were all self-reported. Each athlete’s age at
peak height velocity (PHV) was determined by applying sex-
specific maturity offset equations (Moore et al., 2015), and used
to estimate maturity timing and tempo (Baxter-Jones et al.,
2005).

Weekly data collection

Injury and illness data were collected using the Oslo Sports
Trauma Research Centre questionnaire on health problems
(OSTRC-H) (Clarsen et al., 2020, 2013, 2014). The questionnaire
has demonstrated good validity and reliability in samples
including runners (Clarsen et al., 2014). It consists of four ques-
tions about athlete participation in sport, training volume,
sports performance, and symptoms of health problems during
the previous 7 days (Clarsen et al.,, 2013). The response to each
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Approached for recruitment
n =210 athletics clubs (644 athletes)

n = 74 athletics clubs (200 athletes)

Did not respond

Confirmed receiving study information
n = 136 athletics clubs (443 athletes)

Athletes who agreed to participate
n = 144 athletes (78 athletics clubs)

Did not complete consent/assent forms

n =4 athletes

Currently had a running-related injury

n = 3 athletes

Did not complete baseline questionnaire

n =1 athlete

n = 136 athletes

Athletes enrolled into study

Dropped out due to “time commitment”

n = 6 athletes

Dropped out due to “quitting the sport”

n =1 athlete

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.

of these questions is given a value between 0 and 25, with 0
(minimum value) representing “no problems” and 25 (maxi-
mum value) representing “severe problems”. The four values
were summed to calculate a severity score from 0 to 100 for
each recorded health problem. If the athlete answered all four
questions with the minimum value (full participation without
health problems, no reduction in training volume or sports
performance, and no symptoms), the OSTRC-H was completed
for that week. If athletes reported a health problem, they were
asked to self-report whether it was an injury or an illness.
Athletes were asked to record the anatomical location of all
reported injuries, and the main symptoms experienced for all
reported illnesses. For all recorded health problems, athletes
were asked to record the number of days of complete time loss

from training and competition, whether the health problem
had previously been recorded, and who the health problem
had been reported to (i.e, nobody, medical doctor, or phy-
siotherapist). Athletes were able to report multiple health pro-
blems per week. Alongside the OSTRC-H, athletes were also
asked to self-report a weekly training diary, having been
encouraged to record this throughout the week. Each weekly
training diary allowed athletes to detail the type, total duration,
distance covered, and rating of perceived exertion related to all
of their running-related training sessions or competitions.
Athletes also completed the adolescent version of the Profile
of Mood States (Terry et al., 1999).

The OSTRC-H was sent to athletes on a weekly basis (every
Sunday) by email from 5th May until 13 October 2019



(24 weeks) and was completed via Qualtrics XM. If athletes did
not complete the questionnaire, email reminders were sent on
the following day (Monday), after two days (Wednesday), and
after four days (Friday). The athlete’s parents or legal guardians
were copied into the email reminders after two and four days,
respectively. If a response had still not been received after five
days (Saturday), the principal investigator would send an SMS
reminder to non-responders. If the questionnaire remained
unanswered by the time the subsequent weekly questionnaire
was distributed, the athlete was categorised as a “non-
responder” for that specific week and recorded as missing data.

Definition and classification of health problems

Aligned with recent consensus statements (Bahr et al., 2020;
Schwellnus et al., 2016; Soligard et al., 2016; Timpka et al., 2014),
a “broad” definition of health problems was used, recording all
health problems regardless of time loss and/or the need for
medical attention. Health problems were classified as an injury
if they affected the musculoskeletal system and were classified
as an illness if they affected a specific organ system or repre-
sented general symptoms. Athletes did not classify injuries as
having an acute or overuse mechanism. Instead, the primary
author (RM) classified injury onset as gradual or sudden. Health
problems were defined as “substantial” if they caused moder-
ate or severe reductions in training volume, moderate or severe
reductions in performance, or complete inability to participate
in distance running, according to the OSTRC-H scoring guide
(Clarsen et al., 2013, 2014). Health problems were classified as
having caused time loss if the injury or illness led to the athlete
being unable to participate fully in distance running training
and competition the day after the incident occurred (Bahr et al.,
2020; Timpka et al., 2014).

Prevalence calculations

The following prevalence measures were calculated on
a weekly basis: all health problems, substantial health pro-
blems, time loss health problems, all injuries, substantial inju-
ries, time loss injuries, all illnesses, substantial illnesses, and
time loss illnesses. The mean prevalence and 95% confidence
intervals (Cl) were calculated for the entire study period and
stratified by sex. To avoid potential overreporting of health
problems, each athlete’s first week of data were excluded
from analyses (Clarsen et al., 2013).

Incidence and relative burden of health problems

After reviewing each athlete’s questionnaire responses for the
entire season, a list of cases was compiled that included the
following details: type of health problem, body region and area
(for injuries) or main organ system affected (for illnesses), num-
ber of weeks reported, cumulative time loss days, and cumula-
tive severity score. To identify the main organ system affected
for illnesses, the athletes’ self-reported symptoms were inde-
pendently reviewed and classified by the first author and
a medical doctor, using recommended categories (Bahr et al.,
2020). Once classified, differences were discussed and the main
affected organ system was subsequently agreed upon
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(percentage agreement = 89%). The severity of each case was
also based on its cumulative time loss, reported as: none
(0 days), slight (1 day), minimal (2-3 days), mild (4-7 days),
moderately serious (8-28 days), serious (>28 days-6 months), or
long term (>6 months) (Timpka et al., 2014). The incidence of
each type of health problem was expressed as both the number
of cases per athlete per year (52 weeks) and per 1,000 hours of
exposure. Exposure was calculated from the weekly training
diary data.

To reflect the relative burden of injuries and illnesses as
a proportion of the total health burden, severity scores for
each health problem were summed and divided by the cumu-
lative severity score for all health problems (Bahr et al., 2018).
A risk matrix was created based on the severity and incidence
of health problems in all affected injury body areas and illness
organ systems, stratified by sex.

Statistical analysis

For the participant characteristics, the statistical software SPSS
(version 26.0; IBM., Chicago, USA) was used to calculate means
and standard deviations (SD) for continuous variables. Also,
solely in relation to participant characteristics, percentages
(%) were calculated for categorical variables, while sex differ-
ences were analysed using independent samples t-tests for
continuous variables and Chi-squared tests (X?) for categorical
variables. Statistical significance was set at an alpha level of
0.05 and effect sizes (ES) for mean comparisons were described
using Cohen’s thresholds (small = 0.2, medium = 0.5, large = 0.8;
Cohen, 1992). For the incidence and prevalence data, the sta-
tistical software R was used (version 3.6.1; The R Foundation for
Statistical Computing., Vienna, Austria). 95% confidence inter-
vals reported for incidence and prevalence data were used to
indirectly infer differences between male and female athletes.

Results
Response rate and participant characteristics

A total of 136 (73 female) adolescent distance runners partici-
pated in this study. Participant characteristics are shown in
Table 1. Throughout the study, a total of 2969 questionnaires
were distributed, and 2774 responses were received (mean
weekly response rate, 91% (range: 85-99%)). During the follow-
up period, 97 of the 136 (71%) athletes enrolled in the study
completed every weekly questionnaire, while seven athletes
dropped out of the study (Figure 1). The data collected for
these athletes until the time they dropped out were included
in the analysis. Responses to the questionnaire were generally
received on the Sunday (47%) or Monday (30%) and the median
questionnaire completion time was 8 min.

Number, incidence, and severity of health problems

In total, 136 athletes reported 213 injuries and 150 illnesses.
This translated to 4.0 new injuries and 2.8 new illnesses/athlete/
year. The incidence of all health problems (both sexes com-
bined) was 42.6 per 1,000 hours (95% Cl, 38.4-47.1). The mean
time loss was 4 days/athlete/year (95% Cl, 3-5 days), with
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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, %): X* =067
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, %) X? = 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 in previous 12 months X?=0.24
Yes 100 (74%) 57 (78%) 43 (68%)
No 36 (27%) 16 (22%) 20 (32%)
Current performance level (n, %): X2 =098
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.

Table 2. Incidence, total time loss, and cumulative severity score of all health problems, all injuries, and all ilinesses (split by sex).

Incidence Total time loss (d) Cumulative severity score (AU)
Cases/athlete/ 95% ClI  Cases/1,000 hours of exposure  95% Cl
year
All health problems (n = 363) 6.8 6.13-7.53 42.6 38.4-47.1 1,433 30,218
Female athletes (n = 227) 43 3.7-4.8 50.5 44.1-57.5 813 17,623
Male athletes (n = 136) 2.5 2.1-3.0 33.8 28.3-40.0 620 12,595
All Injuries (n = 213) 4.0 3.5-4.6 25.0 21.8-28.6 1,058 21,121
Female athletes (n = 118) 4.0 3.3-48 26.2 21.7-314 533 10,785
Male athletes (n = 95) 4.0 3.2-49 23.6 19.1-28.9 525 10,336
All llinesses (n = 150) 2.8 2.4-3.3 17.6 14.9-20.7 375 9,097
Female athletes (n = 109) 37 3.0-44 24.2 19.9-29.2 280 6,838
Male athletes (n = 41) 1.7 1.3-23 10.2 7.3-13.8 95 2,259

Abbreviations: d, days; AU, arbitrary unit; %, percentage; Cl, confidence interval; n, number.

a mean of five days for injuries (95% Cl, 3-7 days) and three
days for illnesses (95% Cl, 2-4 days) (Table 2).

The most frequent injury locations were the lower leg (27%),
knee (19%), and foot/toes (13%). For illnesses, the most fre-
quently affected organ systems were upper respiratory (65%),
lower respiratory (11%), and non-specific illness (10%). The num-
ber and severity of injuries (body region and area) and illnesses
(organ system) are summarised in Table 3. 61% of injuries had
a gradual onset and 39% had a sudden onset. The most frequent
injury locations for gradual onset injuries were the lower leg
(38%), knee (17%), and thigh (13%). In comparison, the most
frequent injury locations for sudden onset injuries were the
knee (22%), foot/toes (20%), lower leg (11%), and ankle (11%).

Prevalence of health problems

The weekly mean prevalence of all health problems, substantial
health problems, and time loss health problems are presented
in Table 4. When compared to all health problems, the mean
weekly prevalence was reduced for substantial health problems

(approx. 50%), and again for time loss health problems (approx.
33%) across the sample.

Burden of health problems

Using the total number of time loss days as the basis for injury
severity when calculating relative burden (Table 2), injuries
represented 80% of the total burden of health problems, with
ilinesses representing 20%. This was 66% and 34% for female
athletes, compared to 85% and 15% for male athletes, respec-
tively. Using cumulative severity score as the basis for injury
severity (Table 2), injuries represented 70% of the total burden
of health problems, with illnesses representing 30%. This was
61% and 39%, and 82% and 18% for female and male athletes,
respectively.

Figure 2 illustrates the relationship between severity and
incidence for the five most commonly affected body areas
(injuries) and organ systems (illnesses), stratified by sex,
with supplementary data provided for all other health
problems.
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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
Total Time Loss Total Time Loss
Body area/organ system 0days 1-7 days 8-28 days >28 days (days) 0days 1-7 days 8-28 days >28 days (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 4 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 " 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 1 3 1 (] 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, 1 4 0 0 1 2 1 0 0 3

nutrition

Table 4. Weekly prevalence of all health problems, substantial health problems,
and time loss health problems (in percentages).

Female
All athletes Male athletes
95% 95% 95%
Mean cl Mean d] Mean (@]
All health problems 24 21-26 27 24-30 20 16-23
All injuries 16 14-18 16 15-16 16 13-18
All ilinesses 8 7-10 12 9-14 4 3-6
Substantial health 11 9-12 10 9-12 11 9-13
problems
All injuries 7 6-9 6 5-7 9 7-1
All ilinesses 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; Cl, confidence interval.

Regardless of sex differences, the body areas representing
the highest burden of injuries were the lower leg, knee, and
foot/toes. For affected organ systems, the highest burden of
illnesses was caused by upper respiratory illness, non-specific
iliness, and lower respiratory illnesses.

Discussion

To the authors’ knowledge, this is the first study to record all
injuries and illnesses, including those that did not result in time
loss and/or medical attention, exclusively in a population of
competitive adolescent distance runners. The key findings were

that: (1) the incidence of RRI per 1,000 hours of exposure was
markedly higher when compared to previous research; (2) at
any time, 24% of athletes reported a health problem, with 11%
having experienced a health problem that had substantial
negative impact on training and performance; (3) female ath-
letes reported noticeably more illnesses compared with male
athletes, including higher prevalence, incidence, time loss, and
severity; (4) the most burdensome health problems, regardless
of sex, included lower leg, knee, and foot/toes injuries, along-
side upper respiratory illnesses; and (5) the mean weekly pre-
valence of time loss was relatively low, regardless of health
problem type or sex.

The first key finding was that the incidence of RRI per
1,000 hours of exposure was markedly higher when compared
to previous research. For example, the reported RRI per
1,000 hours for all injuries, including male and female athletes,
within this study (25.0) was higher than that reported in similar
cohorts of adolescent endurance athletes (range: 4.0-13.1),
when using a prospective study design (Rauh et al., 2000; Von
Rosen et al.,, 2017; Von Rosen et al., 2018). These differences
remain apparent when sex-specific analyses are made. The data
from the present study are also higher than that previously
reported in novice adult distance runners (Videbaek et al.,
2015). Differences between the aforementioned studies may
be explained by the fact that the present study included data
from the outdoor Track and Field season, whereby athletes
regularly reduced their training volume in order to perform to
their best ability in races. Likewise, a period of rest (i.e., training
break) was usually taken following athletes’ final track race of



1372 (&) R H.MANNETAL.

Female athletes

Male athletes

200

e Foot/toe injury

=

(9]

o
1

® Lower leg injury

A Non-specific illness

® Knee injury

Severity (mean cumulative severity score)
=)
o
1

® Knee injury

: Ankle injury
® Lower leg injury
. Foot/toe injury

A A
50 Upper respiratory Upper respiratory
illness illness
0 I I ] I I I 1 I 1
0 0.5 1.0 1.9 2.0 25 0 0.5 1.0 1.5 2.0 2.5

Incidence (per 365 athlete days)

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.

the season, before transitioning into the cross-country season.
When combined, this highlights that the reported exposure
may have been lower than if the study had captured data
throughout an entire calendar year. Further to this, the use of
a broad definition of recordable health problems, capturing “all
health problems,” may inflate the reported incidence per 1,000
of exposure.

The mean weekly prevalence of all health problems
reported within this study (24%) was lower than that reported
in cohorts of adolescent endurance athletes (range: 32.7-38%),
as part of sub-group analyses in studies that used similar meth-
ods (Carragher et al,, 2019; Moseid et al., 2018). Likewise, the
reported mean weekly prevalence of substantial health pro-
blems within this study (11%) was lower than that reported in
comparable cohorts (range: 17.6-22%; Carragher et al., 2019;
Moseid et al., 2018). These studies (Carragher et al., 2019;
Moseid et al.,, 2018), as well as the current study, demonstrate
a pattern that approximately half of all health problems are
substantial. When only focussing on injuries, the mean weekly
prevalence reported within this study (16%) is both similar to
(range: 15-19.4%) (Moseid et al., 2018; Von Rosen et al., 2018),
and lower than (range: 25.9-32.4%) (Carragher et al., 2019; Von
Rosen et al., 2017), that reported in similar cohorts of adoles-
cent endurance athletes. For illnesses, the mean weekly pre-
valence reported within this study (8%) is predominantly lower
than that reported in the comparable studies (range: 14-23%)
(Moseid et al., 2018; Von Rosen et al., 2017; Von Rosen et al,,
2018), with the exception being a cohort of elite Irish adoles-
cent endurance athletes (6.9%) (Carragher et al, 2019).
Differences between these studies may be explained by the
longer follow-up period (52-weeks) used in two of the studies
(Von Rosen et al.,, 2017; Von Rosen et al., 2018), thus being
representative of a full calendar year, in addition to the

possibility that the smaller sample sizes (range: 25 to 76) used
in these studies overestimate the prevalence of these health
problems (Carragher et al., 2019; Moseid et al., 2018; Von Rosen
et al,, 2017; Von Rosen et al., 2018). The fundamental metho-
dological differences between other studies make any further
comparison difficult.

The third key finding was that female athletes reported
more illnesses (109 illnesses, 73 participants), compared to
male athletes (41 illnesses, 63 participants). They also
reported more injuries (118 injuries, 73 participants) than
male athletes (95 injuries, 63 participants) too, although this
is a less noticeable difference compared to illnesses. In this
study, this resulted in higher prevalence, incidence, time
loss, and severity data relating to illnesses in female ath-
letes. In the two available studies that report sex differences
specific to adolescent distance runners (Carragher et al.,
2019; Von Rosen et al., 2017), this pattern is consistent.
However, in studies that combine sport sub-samples when
analysing sex-differences (Moseid et al., 2018; Von Rosen
et al.,, 2018), this pattern is not identified. Also, the differ-
ence between female and male athletes, in relation to
weekly illness prevalence data (8%), is more pronounced
in the present study, when compared to others (~3-4%)
(Carragher et al, 2019; Von Rosen et al, 2017).
Nonetheless, this identified sex difference in self-reported
illness (and wider health problems) is consistent across
general adolescent populations in Europe and North
America (Torsheim et al., 2006), and elite adult athletes
(Schwellnus et al., 2016). When trying to explain this sex
difference, it is apparent that female athletes self-report
upper and lower respiratory illnesses, and non-specific ill-
nesses, more often than male athletes do. While the data
related to respiratory illnesses are contrary to those sex



differences reported in non-athletic populations, including
adults and adolescents (Falagas et al., 2007), it does align
with research in adult endurance athletes (He et al., 2014).
In relation to non-specific illnesses, the higher number self-
reported by female athletes is difficult to explain without
aetiological information, derived from medical diagnoses.
Therefore, future research should look to describe and ana-
lyse this sex difference according to specific diagnosis and
aetiology (Bahr et al., 2020).

In relation to the burden of health problems (Figure 2), results
were similar regardless of sex. For example, the body region
resulting in the greatest burden from injuries was the lower limb,
with the greatest burden according to body area being to the
lower leg, knee, and foot/toes. Although comparison to previous
research is problematic, these reported body areas are largely
consistent with previous adult- and adolescent-based research,
irrespective of mode of onset (Jacobsson et al., 2012; Van Gent
et al., 2007; Von Rosen et al, 2017 Huxley et al., 2014). When
combined with the prevalence and incidence data, these results
indicate that injury and illness prevention measures for competi-
tive adolescent distance runners should focus on reducing the risk
of these specific injuries. Also, as overuse is the usual mode of
onset within distance running, any measures should attempt to
address this problem. In relation to ilinesses, the greatest burden
was related to upper respiratory illnesses, in both male and female
athletes. While this finding is consistent across the majority of
sports (Walsh, 2018), the development of prevention measures
within this population may also want to consider this illness sys-
tem. When combined, these findings demonstrate that a holistic
approach to injury and illness prevention is required, whereby
a range of different prevention strategies may need to be applied.

As a pattern identified in the data, the mean weekly prevalence
of time loss health problems, regardless of type or sex, was
relatively low. For example, the mean weekly prevalence of all
health problems was 24%, compared to 4% when employing
a time loss definition. This means that a large proportion of self-
reported health problems did not cause athletes to miss training
and competition. Although this could be interpreted as a positive
finding in relation to athlete availability, it also worryingly high-
lights that competitive adolescent distance runners are likely to be
training and competing whilst also experiencing a health problem.
The potentially adverse consequences of this practice are concern-
ing, representing a “silent issue” in the sport that is largely over-
looked by youth sport consensus statements (Bergeron et al.,
2015; DiFiori et al., 2014; Mountjoy et al,, 2015) and long-term
athlete development models (Lloyd & Oliver, 2012). However, this
finding may be aligned to the nature of endurance sports,
whereby athletes are required to sustain consistent and mono-
tonous training intensities, durations, and frequencies (Seiler,
2010), regardless of health problems. Therefore, the potentially
negative consequences of training and competing when concur-
rently experiencing a health problem warrants further investiga-
tion, while improved access to medical support at the time of
initial injury may act to limit this pattern.

Methodological considerations

Data collection was reliant on athlete self-report outcomes,
without any dedicated support from medical professionals.
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Although this is normal for adolescent distance running in
England, it means that recording specific diagnoses for injuries
and illnesses was not possible (Bahr et al., 2020) and, as dis-
cussed elsewhere (Clarsen et al., 2013), using an “all health
problems” definition can result in overreporting of minor and
transient problems (i.e., non-specific symptoms). However,
within a homogenous population of distance runners, it is
more likely that differences in reporting introduce “random
noise,” rather than systematic bias into the results, whereby
some athletes may under-report and others may over-report.
Nonetheless, to account for the potential issue of over-
reporting, the “substantial health problems” definition provides
additional information on the full impact of injuries and ill-
nesses in this population of adolescent athletes. Also, injuries
were not classified based on their mechanism (Bahr et al., 2020).
However, based on previous studies (Carragher et al., 2019;
DiFiori et al., 2014; Huxley et al., 2014; Jacobsson et al., 2012;
Moseid et al., 2018; Pierpoint et al., 2016), and the nature of the
sport, it is likely that most injuries in this population have
a repetitive mechanism, irrespective of whether the onset was
sudden or gradual.

An additional study limitation is the extent to which these
findings are generalisable to more recreational adolescent dis-
tance runners and different periods of the calendar year. With
the emphasis being on competitive athletes, future studies may
wish to focus their attention on the wider population of distance
runners, allowing for comparison to these data. Likewise, a longer
follow-up period (i.e., one year) may better capture seasonal
variations related to the incidence, prevalence, and burden of
health problems within this population. As internal validity is
a prerequisite for generalisability, (Rothman et al., 2008) it is also
important to highlight that the proportionately low sample size
(representing 22% of the total possible sample), coupled with the
rolling enrolment of participants, may have unintentionally made
the potential for bias greater. However, this form of baseline self-
selection resulted in a group of highly motivated participants,
evidenced by the high mean weekly response rate (91%) and
small number of participants who dropped out of the study
(n = 7). This can be upheld as a methodological strength of this
study and, in turn, can be seen to decrease selection bias.

Practical implications

Future injury and illness prevention measures within this popula-
tion should be aimed at reducing the risk of lower limb injuries,
with an emphasis on the lower leg, knee, and foot/toes - sup-
ported by previous research (Huxley et al., 2014; Jacobsson et al.,,
2012; Von Rosen et al., 2017). The development of prevention
measures should also consider how to address the possibility
that adolescent distance runners are training and competing
whilst concurrently experiencing health problems, including
attempting to improve initial access to medical support. This is
important to consider in relation to safeguarding the long-term
health and wellbeing of these athletes, whereby excelling as an
adolescent athlete is unlikely to be necessary for, nor a guarantee
of, success as a senior athlete (Kearney & Hayes, 2018). An addi-
tional practical implication is that sex differences in the self-
reporting of respiratory and non-specific illnesses should be incor-
porated into the debate surrounding youth athletic development
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(Bergeron et al., 2015), with further evidence required to explain
this difference. Based on the findings of this study, future descrip-
tive epidemiological studies including adolescent athletes should
present data for male and female athletes separately.

From a methodological perspective, it is important to reiter-
ate that the response rate during the study was high (91%), with
a large proportion of athletes (71%) responding to every weekly
questionnaire. Therefore, this study indicates that prospective
self-report surveillance methods are feasible in this population,
while the questionnaire distribution method can also be advo-
cated for future studies. Finally, the application of the OSTRC-H
questionnaire can be recommended, based on its simplicity
and capacity to record all health problems (Clarsen et al.,
2013, 2014). However, future studies should adopt the updated
questionnaire (Clarsen et al., 2020) include medical diagnoses,
and, where appropriate, extend the length of follow-up.

Perspectives

This study provides an important insight into the extent of health
problems within a population of competitive adolescent distance
runners. The incidence of RRI per 1,000 hours of exposure was
markedly higher when compared to previous research. At any
time throughout the follow-up period, 24% of athletes had
a health problem, with 11% having a substantial problem with
a negative impact on their training and performance. Regardless
of sex, lower leg, knee, and foot/toes injuries were the most
burdensome health problems, alongside upper respiratory ill-
nesses, which were a particular problem for female athletes. This
study also shows that competitive adolescent distance runners are
likely to be training and competing whilst concurrently experien-
cing health problems, whereby initial access to medical support
needs to be improved. Therefore, appropriate management stra-
tegies for athletes and coaches should be developed (i.e,, return-to
-play decision making) for when health problems do occur. These
data also support the development of holistic injury and illness
prevention measures, that should aim to safeguard the long-term
health and wellbeing of competitive adolescent distance runners.
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