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Abstract
Objectives While the health benefits of running are
legitimately advocated, participation in running can also
lead to health problems. There is a high range of reported
prevalence rates especially of running-related overuse
injuries in high-level athletes and during competition. Little
consensus exists for acute injuries and illnesses especially
in recreational runners. Therefore, the aim of this study
was to record the prevalence of health problems in
recreational long-distance runners preparing for an event.
Methods Recreational runners aged 18–65 years who
were registered 13 weeks prior to a half-marathon running
event were invited to take part in this study. Participants
were prospectively monitored weekly over 13 weeks by
applying a standardised surveillance system for injuries
and illnesses (Oslo Sports Trauma Research Center
questionnaire). From this, prevalence and severity of acute
and overuse injuries, as well as illnesses, were calculated.
Results We received 3213 fully answered questionnaires
from 327 participants (40.7% female, 40.9±11.7 years
of age, 31.5±21.1 km weekly mileage, 8.3±7.8 years
of running experience). At any point in time over the
preparation phase, 37.3% of the participants had health
problems. Overuse injuries were the major burden (18%).
They were followed by illnesses (14.1%) and acute injuries
(7.9%). The median weekly severity score was 56.5 (IQR
37.0–58.0).
Conclusion The high prevalence of health problems
in our cohort suggests that future efforts are needed to
further specify the underlying mechanism and develop
adequate prevention strategies for recreational runners.
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Introduction
Participation in running at both competitive
and recreational levels has increased over
the last decades.1 2 The health benefits associated with running are well-documented.3
However, participation in running, like all
sports, is associated with a certain level of risk,
particularly the risk of sustaining injuries and
illnesses.4 5 The prevalence of running-related
injuries is high, with epidemiological studies
reporting prevalence rates between 19% and
92% in middle-distance and long-distance
runners.6–9 This large range may be due
to different study designs (retrospective vs
prospective) and due to heterogeneous populations (elite vs recreational) being studied.

Key messages
What are the new findings?
►► This study prospectively monitored injuries and

illnesses occurring during the 12-week preparation
to a road race using the Oslo Sports Trauma
Research Center questionnaire.
►► While having a good response rate (>75%), the
overall prevalence of health problems was 37.3%.
►► Overuse injuries (18%) were the major problem,
followed by illnesses (14.1%) and acute injuries
(7.9%).

How might it impact on clinical practice in the
near future?
►► Prospective injury surveillance in recreational

runners can be a promising approach to better
understand running injury epidemiology.
►► New technologies (like smartphones) could be
used to implement injury surveillance into training
documentation.
►► Risk factors have to be detected and preventive
strategies should be implemented to reduce health
problems in recreational runners.

Some epidemiological studies report that up
to 55% of runners can be expected to sustain
at least one injury over a 12-month period.8
Lower limb injuries, such as medial tibial
stress syndrome, Achilles tendinopathy and
plantar fasciitis, are the most frequent injuries sustained by runners.7 9 10
The ability to contextualise the results of
epidemiological studies in sports medicine is
dependent on a number of factors, including
injury definitions, the mechanism of injury
surveillance and the methods used to calculate
athlete exposure to sport.11–13 Injuries can be
defined as any problem an athlete sustained
during execution irrespective of receiving
medical attention or time loss.14 Furthermore,
Fuller et al14 classified injuries according to
location, type, body side and mechanism
(acute or overuse, depending on the presence
of an identifiable event). The Oslo Sports
Trauma Research Center (OSTRC) questionnaire is an injury surveillance system that
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has been evaluated in Olympic and Paralympic athletes
preparing for the London Olympic Games in 2012.15 It
is a prospective continuous standardised injury surveillance system that records acute and overuse injuries, as
well as illnesses. It can be used with athletes competing in
different sports and at different levels of competition, as
well as across jurisdictions.16–19
A number of studies have evaluated illnesses in high
performance athletes.12 20 In contrast, few studies have
investigated illnesses experienced by recreational
running athletes, specifically during the preparation
phase for an event.21 22 Risk factors for running-related
injuries are widely debated,23 and good evidence exists
that a sudden increase in weekly running mileage is
a primary risk factor.9 During the preparation phase
for running events such as the half marathon, a weekly
increase in running mileage is a constituent component
of physiological conditioning.24 The aim of this study
was to monitor prospectively the prevalence and severity
of injuries and illnesses in recreational long-distance
runners preparing for a half-marathon road race.
Methods
Study design and participants
We conducted a prospective cohort study among
recreational runners preparing for the Hamburg
Half Marathon. The Hamburg Half Marathon is an
annual road race over 21.1 km for runners at every level.
In 2017, 11 117 runners registered, of whom 8730 finished
the race. In 2015, the race record was set at 1:00:52 hours
by Merhawi Kesete.
For inclusion, participants had to be registered
runners and between 18 and 65 years of age. There were
no further exclusion criteria such as preinjuries, current
health problems or specific fitness levels. Thirteen weeks
prior to the race, 5395 runners who had signed up at the
date of recruitment received an email with an invitation
to participate in this study. Participants interested in the
study could sign an informed consent form electronically
and were then contacted by the study staff via mail.
Data collection
Before the start of the study, an online baseline questionnaire was sent asking participants about their running
experience, training history, personal bests, as well as
illnesses and injuries in the past 3 months. During the
course of this study, every Sunday a secure link to an
online OSTRC questionnaire was sent to each of the
participants by email. To enhance compliance, all participants were entered into a draw, whereby the prizes
included a running performance evaluation, running
equipment and entry places for next year’s event. The
online questionnaire was developed electronically in
LimeSurvey (V.2.62.2+170 203, LimeSurvey, Hamburg,
Germany). During the preparation period the questionnaire was sent each week on an anonymous basis.
To register running-related injuries and illnesses, the
German version of the OSTRC Questionnaire on Health
2

Problems Oslo was used.15 17 Participants reported on
questions across four specific domains as follows: (1)
health problems, injuries or illnesses interfering or
inhibiting training during the last week; (2) the extent
to which injury, illness or other health problems affected
their training volume in the last week; (3) the extent to
which injury, illness or other health problems affected
their running performance in the last week; and (4) the
extent to which symptoms or health problems were experienced during the last week.
If no problems were marked in these four specific
domains, the questionnaire was finished. In case of a
problem in at least one of these four main questions, the
questionnaire asked to specify the problem as well as the
severity (time loss in number of missed training sessions).
Disorders of the musculoskeletal system were categorised
as injuries, whereas illnesses were classified as disorders
that involved other body systems, such as (but not limited
to) the respiratory, digestive and neurological systems, as
well as non-specific/generalised, psychological and social
problems.15 As per the recommendations of Fuller et al,14
injuries were classified as acute or overuse. All health
problems were self-reported.
Data analysis
Data were analysed following the original outline of
Clarsen et al15 and further research that has applied the
OSTRC questionnaire.17 21
Prevalence
Prevalence is the number of cases (individuals) who
reported health complaints (illness, overuse or acute
injury) in a defined population at a certain point in time
(equation 1).25
(
)
Prevalence =

number of cases individuals with reported health problems
(
)
number of respondents entire source population

(1)

Every week, the number of respondents differed. Thus,
the prevalence was calculated for each week by dividing
the number of individuals who reported any kind of
health problems (illness, acute or overuse injury) over
the number of respondents who answered the questionnaire completely for that certain week. The mean
prevalence of illnesses, overuse injuries and acute injuries was calculated.
Severity
The severity was recorded to measure consequences and
progress of the reported health problems. The severity
score was calculated for all reported health problem as
per Clarsen et al.13 The score ranges from 0 to 100 and
is the sum of the answers to the first four main questions. Each question score varies from 0 to 25, where 0
represents no problems and 25 the maximum stage.13
The mean severity score gives an estimation of the
impact that health problems had at any point in time over
the 13 weeks. It is measured by taking the mean of the
weekly severity score.26 The results were stated as mean
and 95% CI, as well as median and IQR of 25%–75%.
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Table 1 Participants’ baseline characteristics shown as
mean±SD
Participants (n=287)

Mean±SD

Age
Sex

40.9±11.7 years
154 men, 133 women

Height

176.6±9.2 cm

Weight

74.3±12.8 kg

Running experience

8.3±7.8 years

Personal best (10 k)
Weekly mileage

52:06±9:17 min
31.5±21.1 km

Results
Response rate and participants
A total of 327 participants agreed to take part in the
study, of whom 287 (87.8%) gave information about
age, sex, height, weight, personal bests, weekly mileage
and running experience (table 1). Over the course of
13 weeks, 4240 requests to complete the questionnaire
were sent to all included participants (n=327) and 3213
were fully answered. One person withdrew after the
second week because participation in the half marathon was cancelled, so that the average weekly number
of questionnaires sent out was 326. The average weekly
response rate to the OSTRC questionnaire over 13 weeks
was 75.8% (95% CI 71.5% to 80.0%), which equals an
average number of 247 respondents. The flow of participants and weekly response rates can be found in figure 1.

Figure 2 Mean and 95% CI prevalence for illness, acute
and overuse injuries.

Prevalence
Over the course of 13 weeks, 37.3% (95% CI 31.9% to
42.8%) of participants reported health problems. As
shown in figure 2, the mean prevalence of overuse injuries was 18.0% (95% CI 13.2% to 22.7%), followed by
illnesses with 14.1% (95% CI 6.4% to 21.8%) and acute
injuries with 7.9% (95% CI 5.7% to 10%). The progression of the prevalence for illness, overuse and acute
injuries over the full preparation phase of 13 weeks is
depicted in figure 3. An overview of the absolute numbers
and prevalence is demonstrated in table 2. The most
common health problem over all weeks was knee pain
with a mean of 24.3% (n=206), followed by foot or toe
pain with a mean of 15.6% (n=133) and lower leg pain
with a mean of 12.4% (n=104). Thigh pain (9.2%, n=74),
hip and groin pain (8.8%, n=74), as well as ankle pain
(7.6%, n=66) were also frequent.
Severity score
The median total weekly severity score was 56.5 (IQR
37.0–58.0). For illnesses, the median severity score was
60.0 (IQR 58.0–60.0). Similarly, acute injury showed a
median severity score of 57.5 (IQR 37.0–66.0), whereas
for overuse injury a median severity of 30.0 (IQR 28.0–
37.0) was recorded (table 2). Based on the mean, the
total weekly severity score was 54.1 (95% CI 53.7 to 54.5).
No differences were found between acute injuries that
had a mean weekly severity score of 53.4 (95% CI 52.8 to
54.0), overuse injuries with a mean of 54.0 (95% CI 53.4
to 54.6) and illnesses with a mean of 54.9 (95% CI 54.5
to 55.3).

Figure 1 Flow of the participants and response rates
through the course of the study.

Discussion
This paper describes the prevalence of overuse injuries, acute injuries and illnesses, as well as the severity of
health problems, during a 13-week preparation phase
for a running event, as recorded by an online questionnaire. Of the participants, 37.3% experience an illness,
an acute or overuse injury at any point in time during the
13 weeks.
The OSTRC questionnaire has already been used
in several other sports. For example, in tactical and
Paralympic sport disciplines, there were less health
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Figure 3 Course of the mean prevalence rates for illness,
overuse and acute injuries over 13 weeks.

problems reported (21%–30%),15 17 27 while in team
sports the prevalence of health problems has been
reported higher (45%–61%).15 28 In endurance sports,
there were similar prevalence rates reported for athletes
preparing for a sport competition15 or in preparation for

a running event.21 Clarsen et al15 reported a mean prevalence of 30% of health problems in endurance athletes,
and Hespanhol Junior et al21 30.8% in runners. Hence,
the mean overall prevalence of all health problems of
37.3% in our cohort was in between different sports
and on the top of the range of the current literature
on endurance sports. Possible reasons for this could lie
in different levels of athletes and time frames of monitoring. While Clarsen et al15 monitored athletes over the
course of 40 weeks preparing for Olympic/Paralympic
games, Hespanhol Junior et al21 monitored recreational
runners over 18 weeks preparing for a road race. Another
explanation could lie in the selection of participants.
Hespanhol Junior et al21 recruited their participants
from a running club that offered an organised training
programme. We, on the other hand, recruited from a
database of all registered participants to a half-marathon
race. Therefore, selection bias could play a role in the
interpretation of our higher prevalence.
In our study, overuse injuries represented the main
burden (18.0%), followed by illnesses (14.1%) and
acute injuries (7.9%). This is consistent with the literature where overuse injuries are the most common health
problems in endurance sports.15 26 29 Studies that used
the OSTRC questionnaire in other sports also found the
highest prevalence for overuse injuries and the lowest for
acute injuries.15 18 27 The study of Hespanhol Junior et al21,
which worked with recreational runners, found a prevalence of 28% for overuse injuries. Thus, the prevalence
of 18% in this study was within the range of the literature. Nevertheless, it is a wide range that is reported in
the current literature. This might be due to the different
types of sports and levels that were studied or to differences in injury definition and time frames investigated.
It should also be considered that in this study, the classification between overuse and acute injuries was completed
by the participants and not reclassified by medical staff,
as in several other studies.15 21 27 This difference in injury
classification might also be a reason for the wide range
of prevalence rates in overuse injuries that can be found
in the literature. The prevalence of illnesses of 14.1%
and acute injuries of 7.9% was also congruent with the
literature.15 Clarsen et al15 found a prevalence of 13% for
illnesses and 4% for acute injuries for different sports.
Noteworthy, overuse injuries and illnesses declined
over the 13-week period (figure 3). The same was
mentioned in the study by Clarsen et al.15 They discussed

Table 2 Overview over absolute numbers, mean prevalence rates and median weekly severity scores.
Overall

Absolute number
Prevalence rate, mean
(95% CI)
Weekly severity score,
median (IQR)

Acute

Overuse

Illness

n=100
n=19
n=45
n=36
37.3% (31.9% to 42.8%) 7.9% (5.7% to 10%) 18.0% (13.2% to 22.7%) 14.1% (6.4% to 21.8%)
56.5 (37.0–58.0)

57.5 (37.0–66.0)

30.0 (28.0–37.0)

60.0 (58.0–60.0)

IQR, 25%–75% interquartile range.

4

Hollander K, et al. BMJ Open Sport Exerc Med 2018;4:e000308. doi:10.1136/bmjsem-2017-000308

BMJ Open Sport Exerc Med: first published as 10.1136/bmjsem-2017-000308 on 23 January 2018. Downloaded from http://bmjopensem.bmj.com/ on March 4, 2021 by guest. Protected by
copyright.

Open Access

the feedback of medical experts to the athletes regarding
the observed medical conditions as a potential reason
for the decline.15 In the present study no medical feedback was given to participants. One may speculate that
the decrease might be due to a dropout of participants
due to suffering from illnesses and overuse injuries. This
suggestion is supported by a slight decrease in response
rates (figures 1 and 2). Unfortunately the anonymous
surveillance method over the 13 weeks did not allow the
possibility to track back possible dropouts due to health
problems. Further research is needed to prove this
assumption.
In contrast to overuse injuries, acute injuries showed
a slight increase over the 13-week preparation phase
(figure 3). A similar increase in acute injuries was found in
elite athletes.15 In this study, the large increase in the last
week might be due to the fact that the questionnaire was
answered on the race day after the half marathon when
the participants might suffer from more acute health
problems than during the preparation phase. Alternative
explanation could be an increase of the training load
during the course of the preparation. It has been argued
that the competition itself should be regarded as a rapid
increase in load and therefore could result in an increase
in acute injuries during a competition period.23 30 This
has especially been documented for running events.31
The severity of the health problems was measured using
a severity score.13 For acute injuries, it was twice as high as
for overuse injuries with respect to the median. Overuse
injuries had a median severity score of 30.0 (IQR 28.0–
37.0), whereas acute injuries reached a median severity
score of 57.5 (IQR 37.0–66.0), which was similar to
illnesses scoring 60 (IQR 58.0–60.0). However, no difference was seen, with respect to the mean severity score,
between overuse injuries (54.0, 95% CI 53.4 to 54.6),
acute injuries (53.4, 95% CI 52.8 to 54.0) and illnesses
(54.9, 95% CI 54.5 to 55.3). The different findings
between the median and the mean are consistent with
the literature where acute injuries represented a higher
median than overuse injuries and illnesses,21 whereas the
mean severity score showed no significant differences
between overuse and acute injuries.15 21 Nevertheless,
the literature described a significant higher mean weekly
severity score on illnesses.15 It can be concluded that the
severity score for injuries was consistent with the literature. Acute injuries caused a higher severity score than
overuse injuries and illnesses. Thus, acute injuries represented the most severe problems.
The average weekly response rate was 75.8% (95% CI
71.5% to 80.0%) in this study. This affirms the average
weekly response rate of non-elite athletes in the literature.21 Literature about elite athletes reported higher
response rates of between 80% and 91.5%.15 16 19 Hence,
it can be suggested that the response rate was higher in
elite athletes. This might be due to a higher interest of
elite athletes to be free of health problems and capable
to participate in sports at any point in time during
the preparation and event period.

Strengths and limitations
To our knowledge, only few studies collected data on
illnesses in addition to injuries during the preparation
for a recreational competition. One strength of this
study was, therefore, that the prevalence and severity
of illnesses during a preparation phase for an event in
running were monitored in addition to injuries. Another
strength of this study was that health problems of mostly
non-elite athletes were monitored during a preparation
phase. Literature has mainly studied elite athletes while
training for or performing at events.12 15 20 Lastly, most
of the studies about sports injury prevalence were not
sport-specific.13 15 18 19 This study focused solely on one
sport so that it was possible to investigate the prevalence
rates of health problems in running.
The study also had limitations. In this study answers
to the weekly questionnaires were not linked to individuals. Direct access to the survey was chosen in favour
of a higher response rate. Nevertheless, the response
rate was similar to studies that individualised questionnaires.21 Hence, the mean weekly prevalence and mean
weekly severity score could be analysed. Also the trend
of mean prevalence rates of overuse injury, acute injury
and illnesses over 13 weeks could be calculated. However,
the responses to the questionnaires need to be individualised instead of being anonymous in order to analyse
data for cumulative prevalence and cumulative severity
score. This allows tracking of individual athletes’ health
problems and severity thereof. Additionally, complete
time loss of running sessions should be analysed on the
basis of individualised responses. This enables the calculation of the impact that a certain injury or illness had
on training participation. Otherwise, it cannot be distinguished between health problems that cause no time loss
and problems that lead to a longer period of time loss.
This is why calculating the mean time loss is not a very
useful measure. Sending individualised keys to the participants could be a promising approach to this. Therefore,
we could not link the individual data to half-marathon
performance. Another limitation is that injuries and
illnesses were self-reported and therefore not further
classified in order to provide a diagnosis for each health
complaint. This could be done by using the Orchard
Sports Injury Classification System V.10,21 32 which
requires contacting the athletes who report problems.
Nevertheless, contacting participants was not possible in
this study.
Perspectives
The results show to what a meaningful extent overuse
injuries occured in recreational runners during preparation for an event. It is, therefore, important to include
an appropriate monitoring of training load and to create
awareness for overuse injuries in recreational runners.
Medical care and preventive programmes should especially focus on the knee, lower leg and foot or toe pain.
Possible mechanisms of injuries aside from participating in competitions and increasing weekly mileage
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could lie in altered biomechanics and foot morphology,
as well as (habitual) footwear use.33–37 The risk of injury
can be reduced by increasing the distance and duration of training gradually.38 A main point in reducing
the prevalence of health problems is to monitor the
athletes’ health by a standardised surveillance method.
This study showed that this can be done effectively by
using the OSTRC questionnaire.15 The wide range of
prevalence of overall health problems and overuse
injuries recommends the need for more research on
homogeneous sample groups with regard to sport and
performance level, so that the range can be reduced and
be more sport-specific. Also, future studies should focus
on the severity of illnesses, the specific classification of
health problems and on time loss during the preparation phase for an event. In addition, more research is
needed on the reason for the decline of overuse injuries and illnesses over the period of preparation for an
event.
Conclusion
This paper monitored the prevalence of injuries and
illnesses of recreational runners during the preparation period for a road race. At any point in time during
the preparation period over 13 weeks, 37.3% of the
participants reported health problems. Overuse injuries represented the main burden (18%), followed by
illnesses (14.1%) and acute injuries (7.9%), which are
the most severe problems. Further research is needed
on homogeneous cohorts with regard to sport and
performance level and on the reason for the decline
of overuse injuries and illnesses over the preparation
phase. Lastly, more research is needed on the severity of
illnesses, the specific classification of health problems
and on time loss during the preparation period for an
event.
Acknowledgements We would like to thank BMS Sportveranstaltungs GbR
(Hamburg, Germany) for making it possible to conduct this study during their
running event.
Contributors All authors participated in the conception and design of the study,
and the drafting of the manuscript. AB and KH were responsible for data collection.
All authors have contributed to, read and approved the final manuscript.
Funding This study was funded by the Ministry for Science and Research in
Hamburg (grant number LFF-FV13).
Competing interests None declared.
Patient consent Obtained.
Ethics approval The recruitment process and study were approved by the Ethics
Committee of the University of Hamburg, Germany (ID 2017_94).
Provenance and peer review Not commissioned; externally peer reviewed.
Open Access This is an Open Access article distributed in accordance with the
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which
permits others to distribute, remix, adapt, build upon this work non-commercially,
and license their derivative works on different terms, provided the original work is
properly cited and the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4 .0/
© Article author(s) (or their employer(s) unless otherwise stated in the text of the
article) 2018. All rights reserved. No commercial use is permitted unless otherwise
expressly granted.

6

References

1. Hulteen RM, Smith JJ, Morgan PJ, et al. Global participation in sport
and leisure-time physical activities: a systematic review and metaanalysis. Prev Med 2017;95:14–25.
2. van Dyck D, Cardon G, de Bourdeaudhuij I, et al. Who participates
in running events? socio-demographic characteristics,
psychosocial factors and barriers as correlates of nonparticipation-A Pilot Study in Belgium. Int J Environ Res Public
Health 2017;14:E1315.
3. Oja P, Titze S, Kokko S, et al. Health benefits of different sport
disciplines for adults: systematic review of observational and
intervention studies with meta-analysis. Br J Sports Med
2015;49:434–40.
4. Van Tonder A, Schwellnus M, Swanevelder S, et al. A prospective
cohort study of 7031 distance runners shows that 1 in 13 report
systemic symptoms of an acute illness in the 8-12 day period before
a race, increasing their risk of not finishing the race 1.9 times for
those runners who started the race: SAFER study IV. Br J Sports
Med 2016;50:939–45.
5. Videbæk S, Bueno AM, Nielsen RO, et al. Incidence of runningrelated injuries per 1000 h of running in different types of runners: a
systematic review and meta-analysis. Sports Med 2015;45:1017–26.
6. Hreljac A. Etiology, prevention, and early intervention of overuse
injuries in runners: a biomechanical perspective. Phys Med Rehabil
Clin N Am 2005;16:651–67.
7. Lopes AD, Hespanhol Júnior LC, Yeung SS, et al. What are the main
running-related musculoskeletal injuries? A Systematic Review.
Sports Med 2012;42:891–905.
8. Van Middelkoop M, Kolkman J, Van Ochten J, et al. Prevalence
and incidence of lower extremity injuries in male marathon runners.
Scand J Med Sci Sports 2008;18:140–4.
9. van Gent RN, Siem D, van Middelkoop M, et al. Incidence and
determinants of lower extremity running injuries in long distance
runners: a systematic review. Br J Sports Med 2007;41:469–80.
discussion 80.
10. Taunton JE, Ryan MB, Clement DB, et al. A retrospective casecontrol analysis of 2002 running injuries. Br J Sports Med
2002;36:95–101.
11. Kluitenberg B, van Middelkoop M, Verhagen E, et al. The impact of
injury definition on injury surveillance in novice runners. J Sci Med
Sport 2016;19:470–5.
12. Junge A, Engebretsen L, Mountjoy ML, et al. Sports injuries
during the summer olympic games 2008. Am J Sports Med
2009;37:2165–72.
13. Clarsen B, Myklebust G, Bahr R. Development and validation of a
new method for the registration of overuse injuries in sports injury
epidemiology: the Oslo Sports Trauma Research Centre (OSTRC)
overuse injury questionnaire. Br J Sports Med 2013;47:495–502.
14. Fuller CW, Ekstrand J, Junge A, et al. Consensus statement on injury
definitions and data collection procedures in studies of football
(soccer) injuries. Scand J Med Sci Sports 2006;16:83–92.
15. Clarsen B, Rønsen O, Myklebust G, et al. The Oslo Sports Trauma
Research Center questionnaire on health problems: a new approach
to prospective monitoring of illness and injury in elite athletes. Br J
Sports Med 2014;48:754–60.
16. Clarsen B, Bahr R, Heymans MW, et al. The prevalence and impact
of overuse injuries in five Norwegian sports: application of a new
surveillance method. Scand J Med Sci Sports 2015;25:323–30.
17. Hirschmüller A, Steffen K, Fassbender K, et al. German translation
and content validation of the OSTRC questionnaire on overuse
injuries and health problems. Br J Sports Med 2017;51:260–3.
18. Ekman E, Frohm A, Ek P, et al. Swedish translation and validation
of a web-based questionnaire for registration of overuse problems.
Scand J Med Sci Sports 2015;25:104–9.
19. Jorgensen JE, Rathleff CR, Rathleff MS, et al. Danish translation
and validation of the Oslo Sports Trauma Research Centre
questionnaires on overuse injuries and health problems. Scand J
Med Sci Sports 2016;26:1391–7.
20. Junge A, Engebretsen L, Alonso JM, et al. Injury surveillance in
multi-sport events: the International Olympic Committee approach.
Br J Sports Med 2008;42:413–21.
21. Hespanhol Junior LC, van Mechelen W, Postuma E, et al. Health
and economic burden of running-related injuries in runners training
for an event: a prospective cohort study. Scand J Med Sci Sports
2016;26:1091–9.
22. Buist I, Bredeweg SW, Bessem B, et al. Incidence and risk factors of
running-related injuries during preparation for a 4-mile recreational
running event. Br J Sports Med 2010;44:598–604.
23. Murphy DF, Connolly DA, Beynnon BD. Risk factors for lower
extremity injury: a review of the literature. Br J Sports Med
2003;37:13–29.

Hollander K, et al. BMJ Open Sport Exerc Med 2018;4:e000308. doi:10.1136/bmjsem-2017-000308

BMJ Open Sport Exerc Med: first published as 10.1136/bmjsem-2017-000308 on 23 January 2018. Downloaded from http://bmjopensem.bmj.com/ on March 4, 2021 by guest. Protected by
copyright.

Open Access

24. Rüst CA, Knechtle B, Knechtle P, et al. Predictor variables for a half
marathon race time in recreational male runners. Open Access J
Sports Med 2011;2:113–9.
25. Hespanhol Junior LC, Barboza SD, van Mechelen W, et al.
Measuring sports injuries on the pitch: a guide to use in practice.
Braz J Phys Ther 2015;19:369–80.
26. Hespanhol Junior LC, van Mechelen W, Verhagen E. Health and
economic burden of running-related injuries in dutch trailrunners: a
prospective cohort study. Sports Med 2017;47:367–77.
27. Pluim BM, Loeffen FG, Clarsen B, et al. A one-season prospective
study of injuries and illness in elite junior tennis. Scand J Med Sci
Sports 2016;26:564–71.
28. Richardson A, Clarsen B, Verhagen E, et al. High prevalence of selfreported injuries and illnesses in talented female athletes. BMJ Open
Sport Exerc Med 2017;3:e000199.
29. Andersen CA, Clarsen B, Johansen TV, et al. High prevalence of
overuse injury among iron-distance triathletes. Br J Sports Med
2013;47:857–61.
30. Soligard T, Schwellnus M, Alonso JM, et al. How much is too much?
(Part 1) International Olympic Committee consensus statement on
load in sport and risk of injury. Br J Sports Med 2016;50:1030–41.
31. Schwellnus M, Soligard T, Alonso JM, et al. How much is too much?
(Part 2) International Olympic Committee consensus statement on
load in sport and risk of illness. Br J Sports Med 2016;50:1043–52.

32. Rae K, Orchard J. The Orchard Sports Injury Classification System
(OSICS) version 10. Clin J Sport Med 2007;17:201–4.
33. Hollander K, Heidt C, VAN DER Zwaard BC, et al. Long-Term Effects
of Habitual Barefoot Running and Walking: A Systematic Review.
Med Sci Sports Exerc 2017;49:752–62.
34. Nigg BM, Baltich J, Hoerzer S, et al. Running shoes and running
injuries: mythbusting and a proposal for two new paradigms:
'preferred movement path' and 'comfort filter'. Br J Sports Med
2015;49:1290–4.
35. Hollander K, de Villiers JE, Sehner S, et al. Growing-up (habitually)
barefoot influences the development of foot and arch morphology in
children and adolescents. Sci Rep 2017;7:8079.
36. Altman AR, Davis IS. Barefoot running: biomechanics and
implications for running injuries. Curr Sports Med Rep
2012;11:244–50.
37. Hollander K, de Villiers JE, Venter R, et al. Foot Strike Patterns Differ
Between Children and Adolescents Growing up Barefoot vs. Shod.
Int J Sports Med 2017 (Epub ahead of print: 16 Nov 2017).
38. Johnston CA, Taunton JE, Lloyd-Smith DR, et al. Preventing running
injuries. Practical approach for family doctors. Can Fam Physician
2003;49:1101–9.

Hollander K, et al. BMJ Open Sport Exerc Med 2018;4:e000308. doi:10.1136/bmjsem-2017-000308

7

BMJ Open Sport Exerc Med: first published as 10.1136/bmjsem-2017-000308 on 23 January 2018. Downloaded from http://bmjopensem.bmj.com/ on March 4, 2021 by guest. Protected by
copyright.

Open Access

