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Introduction: The number of injuries and illnesses during major athletics championships

vary according to sex and discipline. They may also differ between countries (national

teams) given the differences in training, medical care, nutrition, lifestyle habits, and

in travel to the championships. In addition, injuries and illnesses may influence the

performance during the championships. Therefore, the aimwas to analyse the differences

in the injury and illness occurrence during international outdoor athletics championships

with regards to the athlete’s country, as well as establishing the potential relationships

with the success of the country during the respective championships.

Method: The national medical teams and the local organizing committee physicians

reported all injuries and illnesses daily on a standardized injury and illness report form

during 4 World and 4 European outdoor championships from 2007 to 2018. Results

were presented as number of registered athletes, injuries, illnesses and medals (absolute

and per 1000 registered athletes), and for countries of different team size.

Results: During these 8 championships, a total of 219 different countries participated

with a total of 13059 registered athletes who incurred 1315 injuries and 550 illnesses. The

number of injuries and illnesses per championships varied between countries. Countries

with higher numbers of registered athletes had a higher number of injuries and illnesses,

as well as a higher number of medals and gold medals. There were significant positive

correlations between number of injuries/illnesses and number of registered athletes,

medals, gold medals. Injury and illness numbers per 1,000 registered athletes differed

between countries and team sizes. Analyzing country participation grouped according to

the number of registered athletes, there were significant negative correlations between

injury/illness and medals/gold medals per 1,000 registered athletes.
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Conclusions: Given the correlation between health problems and country size, we

suggest that medical services provision and staff should be adapted to the team size.

In groups of different country team sizes, lower number of injuries and illnesses per

registered athletes were correlated with higher number of medals and gold medals

per registered athletes, which can support that injury and illness prevention should be

recognized as a win-win performance-prevention strategy.

Keywords: health promotion, sports injury prevention, illness prevention, injury and illness surveillance, track and

field, top-level athletes, injury risk

INTRODUCTION

Several variables can influence the athlete’s performance (Morin
et al., 2012; Zaras et al., 2016; Siart et al., 2017; Boccia et al.,
2019; Gross et al., 2019; Loturco et al., 2019; Melin et al.,
2019). Among them, being healthy, without any injury or illness,
seems to be an important one (Hanstad et al., 2011; Hägglund
et al., 2013; Raysmith and Drew, 2016; Drew et al., 2017).
In male professional football, higher injury incidence and/or
severity and lower match availability had a significant negative
influence on performance in league play and in European cups
(Hägglund et al., 2013). Raysmith and Drew (2016) reported
that reduced participation in training due to injury and/or
illness was associated with performance failure during major
international athletics championships. In their systematic review,
Drew et al. (2017) concluded that there was strong evidence that
increased availability of team members/athletes decreased the
risk of failure, and pre-competition and in-competition injuries
both were associated with increased risk of failure. Finally,
high illness rates were reported to be associated with the poor
performance of the Norwegian team during the 2006 Winter
Olympic Games (Hanstad et al., 2011). Since, currently only one
study (Raysmith and Drew, 2016) analyzed relationships between
injury/illness and performance in athletics, there is a need to
improve this knowledge, especially in the context of major
athletics championship. In addition, a potential relationship
between health and performance in sport underscores the need
for better understanding of injuries and illnesses, and for the
development and implementation of prevention strategies (van
Mechelen et al., 1992; Edouard et al., 2011, 2015a, 2018).

Several studies have analyzed the number and incidence
of injuries and illnesses during major athletics championships
(Alonso et al., 2009, 2010, 2012, 2015; Edouard et al., 2013,
2014a,b, 2015b,c, 2016a, 2019b; Feddermann-Demont et al.,
2014; Timpka et al., 2017; Edouard et al., under revision).
Feddermann-Demont et al. (2014) reported that on average
81 injuries per 1000 registered athletes occurred during
13 international championships. The number of injuries
per registered athletes varied between different types of
championships: higher forWorld than European championships,
higher for outdoor than indoor championships, higher for adult
than youth/junior championships) (Feddermann-Demont et al.,
2014). In addition, Edouard et al. (2015b) reported that male
athletes had 25% more injuries during 11 international athletics
outdoor and indoor championships than female athletes. For

both genders, the highest number of injuries per 1,000 registered
athletes were observed in combined events (i.e., decathlon
for male and heptathlon for female athletes during outdoor
championships, and heptathlon for male and pentathlon for
female athletes during indoors championships (Edouard et al.,
2009, 2010), marathon and long distances (Edouard et al.,
under revision). Regarding illnesses, during 11 international
championships including outdoors and indoors, 43 illnesses
per 1,000 registered athletes were reported with significantly
higher values for outdoor compared to indoor championships,
and for endurance compared to explosive disciplines, without
significant differences between male and female athletes
(Edouard et al., 2019a,b).

These studies analyzed the occurrence of injuries and illnesses
during major athletics championships with regard to the type
of championships (outdoor vs. indoor), the athlete’s sex (male
vs. female athletes), and/or the athletics disciplines (endurance
vs. explosive, or the nine athletics disciplines) (Alonso et al.,
2009, 2010, 2012, 2015; Edouard et al., 2013, 2014a,b, 2015b,c,
2016a, 2019b; Feddermann-Demont et al., 2014; Timpka et al.,
2017; Edouard et al., under revision). However, many other
factors can also influence the occurrence of injuries and illnesses,
given their multifactorial nature (van Mechelen et al., 1992;
Meeuwisse et al., 2007; Bittencourt et al., 2016). One potential
factor could be the home country of the athlete, since the
training, physical conditioning, preparation of championships,
medical care and availability, nutrition, lifestyle, culture, etc.
may all vary between countries, and these differences may
influence the risk of injuries and/or illnesses. In addition,
international athletics championships often take place outside
of the athlete’s home country, and thus causing different travel
requirements. Traveling may influence the risk of injuries and
illnesses through travel itself, jet lag, changes in nutritional
habits (foods and fluids), changes in environmental conditions
(temperature, humidity, pollution, altitude, etc.), endemic
pathogens, sanitation standards, and/or cultures different to the
athlete’s home country (Schwellnus et al., 2012; Fowler, 2016;
Soligard et al., 2016; Mahadevan and Strehlow, 2017; Lohr et al.,
2018; Schwellnus, 2019).

In this context, the aim of the present study was
to analyse the differences between countries in the
occurrence of injury and illness during international outdoor
athletics championships, and to investigate the potential
relationship with the success of the country during the
respective championships.
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METHODS

Study Design and Procedure
We conducted a total population study analyzing the injury and
illness data collected prospectively during eight international
athletics outdoor championships:

– World Outdoor Championships (WOC) 2007 (Alonso et al.,
2009), 2009 (Alonso et al., 2010), 2011 (Alonso et al., 2012),
2013 (Alonso et al., 2015);

– European Outdoor Championships (EOC) 2012 (Edouard
et al., 2014b), 2014, 2016, 2018.

The study design, injury and illness definitions, methods and
data collection procedures, were the same for all the 8 outdoor
championships (Alonso et al., 2009, 2010, 2012; Edouard et al.,
2013, 2014b, 2015b,c, 2016a, 2019b; Feddermann-Demont et al.,
2014; Edouard et al., under revision).

Data Collection
About 1 to 2 months before each championship, all
teams/countries participating in the respective championship
were informed about the study objective and modalities
through emails from the organizing federation to the team
leaders and the medical teams. The day before the start of
each championship, the detail of the study procedure and
data collection was presented to medical teams during a
meeting. During the period of each championship, national
medical teams (physicians and/or physiotherapists) and/or
local organizing committee physicians (LOC) were asked
to report daily all newly incurred injuries and illnesses on
standardized injury and illness report forms available in
paper or in electronic format, available in several languages
(English, French, German, Spanish, Russian, Arabic, Chinese).
Report forms were collected daily, and if report forms
were missing the medical teams and LOC were contacted
again. The issue of duplicate reporting was solved by the
consensus of at least two members of the research group;
information from the national team physician’s report was
preferred over the Local Organizing Committee (LOC)
physician’s report.

Injury and Illness Definitions
Injuries were defined as “all musculoskeletal injuries (traumatic
and overuse) and concussions newly incurred during
competition or training regardless of the consequences with
respect to the athlete’s absence from competition or training”
(Junge et al., 2008; Alonso et al., 2009; Feddermann-Demont
et al., 2014; Timpka et al., 2014; Edouard et al., 2015b).
Illness was defined as “any physical complaint unrelated
to an injury and occurring during the championships”
(Alonso et al., 2010, 2012; Edouard et al., 2013, 2014b,
2015c; Timpka et al., 2014). In cases where a single injury
incident resulted in more than one injured body part
and/or type of injury, each body part and/or type injury
was counted as a separate injury (Edouard et al., 2015b, 2016a;
Edouard et al., under revision).

Confidentiality and Ethical Approval
All participants (i.e., athletes) were informed about the study
aim and modalities via flyers distributed to each individual
athlete at each championships and posters displayed in several
locations, and if requested, could have their data removed from
the subsequent analysis at any time without consequence. All
records in the injury and illness database were anonymous, i.e.,
they cannot be associated with individual athletes.

The study was reviewed and approved by the Saint-Etienne
University Hospital Ethical Committee (IORG0004981). Given
the nature of the data collection (routine usual data collection,
not systematic to all participants included) and the large sample
size, the written informed consent for each individual participant
was not required, by the Saint-Etienne University Hospital
Ethical Committee, in accordance with the national legislation
and the institutional requirements.

Data Analyses
National medical team participation (number of national medical
teams who returned at least one injury report form divided
by the number of countries with a medical team, as not all
teams may have a medical team present on site, in percentage),
athletes’ coverage (number of registered athletes from a country
with a medical team present who participated in the injury
surveillance study divided by the total number of registered
athletes, in percentage), and response rate (number of report
forms returned by the national medical teams participating
in the injury surveillance study divided by the number of
expected report forms (i.e., number of national medical teams
participating multiplied by the number of championship days),
in percentage) were reported according to Edouard et al. (2016b).

Descriptive data reported were the number of countries
participating in at least one championships, the number of
“country participation” (i.e., one country participating in one
championship), and the respective numbers of registered athletes,
injuries, illnesses, medals, and gold medals as well as these
variables per 1,000 registered athletes (with 95% confidence
intervals) for the total population (Feddermann-Demont et al.,
2014; Timpka et al., 2014; Edouard et al., 2015b, 2016a, 2019b;
Edouard et al., under revision).

The number of registered athletes was calculated by using
the list of registered athletes provided by the International
Association of Athletics Federations (IAAF) or the European
Athletics Association (EAA) for each championship (i.e., if
an athlete registered for more than one championship he/she
counted for each championship) (Edouard et al., 2015b, 2016a,
2019b; Edouard et al., under revision). Country participations
were grouped according to the number of registered athletes
per country per championship: <10, 10–24, 25–49, 50–99, >100
(Junge et al., 2009; Soligard et al., 2017).

Number of medals, gold medals and country ranking were
used as performance outcome (Raysmith et al., 2019). The
number of medals and gold medals as well as the country ranking
(i.e., ranking of the country at the championship according to the
number of gold, silver and bronzemedals) for each championship
and country was collected using the IAAF (https://www.iaaf.org/
home) and EAA (https://www.european-athletics.org) websites.
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Pearson’s correlation tests, or Spearman’s correlation tests
when distribution normality was not observed, were used to
determine the correlation coefficient and their significance.
Significance was accepted at p< 0.05. The correlation coefficients
were interpreted using Hopkin’s threshold: r = 1: perfect; 1 >

r ≥ 0.90 nearly perfect; 0.90 > r ≥ 0.70 very large; 0.70 >

r ≥ 0.50: large; 0.50 > r ≥ 0.30: moderate; 0.30 > r ≥ 0.10:
small; 0.10> r: trivial (Hopkins, 2002). Data were analyzed using
Excel (Office,Microsoft R©, 2017) and JASP (JASP Team software,
Version 0.8.5.1, University of Amsterdam, Netherlands).

RESULTS

On average, 90.2% of all national medical teams, covering 81.9%
of registered athletes, participated in the injury and illness
surveillance project, and returned 90.5% of the expected report
forms. No athlete refused to allow his/her data to be used for
scientific research.

A total of 219 different countries participated in at least
one of the eight international outdoor championships. All five
continents were represented: 55 (25.1%) countries from Africa,
45 (20.5%) fromNorth and South America, 46 (21.0%) fromAsia,
53 (24.2%) from Europe, and 20 (9.1%) from Oceania. 20.5% (n
= 45) of countries participated in all eight championships, three
(1.4%) in seven, two (0.9%) in six, 134 (61.2%) in four, 21 (9.6%)
in three, nine (4.1%) in two, and five (2.3%) one. This resulted in
a total of 1015 country participations.

A total of 13059 athletes registered at the eight championships.
The number of registered athletes per country and championship
ranged from 1 to 138. For most of the country participations (n=
691; 68.1%), the number of registered athletes in a championship
was below ten. It was between 10 and 24 athletes for 14.7%
country participations, 25 to 49 (10.3%), 50 to 99 (5.6%), and
≥100 (1.3%) (Table 1).

A total of 1,315 injuries and 550 illnesses were reported
during the eight championships. Between 0 and 23 injuries
and between 0 and 18 illnesses were reported per country
participation. The number of injuries per country participation
varied from 0 to 2,000 injuries per 1,000 registered athletes,
and the number of illnesses from 0 to 1,600 illnesses per 1,000
registered athletes, according to countries and championships.
The number of injuries and illnesses per 1,000 registered athletes
differed between country participation groups, with higher values
in the group with small number of registered athletes and lower
values in the group with high number of registered athletes
(Table 1 and Figure 1).

A total of 921 medals and 277 gold medals were won during
the eight championships. Seventy-six (34.7%) countries won at
least one medal, and 52 (23.7%) one gold medal. The number
of medals and gold medals per 1,000 registered athletes differed
between country participation groups, with higher values in the
groups with higher numbers of registered athletes, and lower
values in the groups with smaller numbers of registered athletes
(Table 1 and Figure 1).

Analyzing all country participations (n = 1015), significant
positive correlations were observed between the number of

injuries and the number of registered athletes (r = 0.666, p <

0.01, large), medals (r = 0.545, p < 0.01, large), gold medals
(r = 0.475, p < 0.01, moderate), number of medals per 1,000
registered athletes (r = 0.233, p < 0.01, small), and a significant
negative correlation between the number of injuries and the
country ranking (r = −0.445, p < 0.01, moderate) (Table 2).
There were significant positive correlations between the number
of illnesses and the number of registered athletes (r = 0.493,
p < 0.01, moderate), medals (r = 0.348, p < 0.01, moderate),
gold medals (r = 0.306, p < 0.01, moderate), and a significant
negative correlation between the number of injuries and the
country ranking (r =−0.281, p < 0.01, small) (Table 2).

Analyzing country participation groups (Table 1 and
Figure 1), there were significant negative correlations between
the number of injuries and the number of medals (r = −0.92,
p < 0.001, nearly perfect) and of gold medals (r = −0.90, p <

0.001, nearly perfect) per 1,000 registered athletes, and between
the number of illnesses and the number of medals (r = −0.92,
p < 0.001, nearly perfect) and of gold medals (r = −0.99, p <

0.001, nearly perfect) per 1,000 registered athletes.

DISCUSSION

The main results of the present study were that (i) the number of
injuries and illnesses per championship varied between countries,
(ii) countries with higher number of registered athletes had a
higher number of injuries and illnesses, as well as a higher
number of medals and gold medals and a better country ranking,
(iii) in country participations groups according to the number
of registered athletes, lower number of injuries and illnesses per
registered athletes were correlated with higher number of medals
and gold medals per registered athletes.

Injury and Illness Rates Varied Between
Countries
During major athletics championships, the numbers and
rates of injury and illness differed between countries. Many
parameters may have contributed to these differences, such
as “environmental” factors (training, nutrition, availability
of medical services, travel to competition etc.) and the
individual athlete’s intrinsic characteristics. Moreover, these
differences could be due to methodological aspects, e.g.,
differences in injury/illness surveillance participation, response
rate, and willingness to provide injury/illness data between
countries/medical teams.

By grouping our data according to the number of registered
athletes per country participation, we found a significant
correlation between the number of injury/illness per 1,000
registered and the number of registered athletes per country
participation: countries with higher numbers of registered
athletes in a championship reported lower injury/illness rates
(Figure 1). This almost linear inverse relation between the
size of the teams and injury rates has also been reported for
the Summer Olympic Games 2008 (Junge et al., 2009), 2012
(Engebretsen et al., 2013), and 2016 (Soligard et al., 2017),
and for the illness rates during the Summer Olympic Games
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TABLE 1 | Number of countries participating in at least one championships, number of “country participation” (i.e., one country participating in one championship),

numbers of registered athletes, injuries, illnesses, medals and gold medals, as well as injuries, illnesses, medals and gold medals per 1,000 registered athletes (with 95%

confidence intervals) according to the number of registered athletes for each country participation (i.e., <10, 10–24, 25–49, 50–99, >100).

Number of athletes per country participation

<10 10–24 25–49 50–99 >100 All

NUMBER OF (n (%))

Countries 183 (83.6) 46 (21.0) 37 (16.9) 18 (8.2) 4 (1.8) 219* (100.0)

Country participation 691 (68.1) 149 (14.7) 105 (10.3) 57 (5.6) 13 (1.3) 1015 (100.0)

Registered athletes 1712 (13.1) 2305 (17.7) 3748 (28.7) 3800 (29.1) 1494 (11.4) 13059 (100.0)

All injuries 218 (16.6) 252 (19.2) 408 (31.0) 340 (25.9) 97 (7.4) 1315 (100.0)

All illnesses 109 (19.8) 102 (18.5) 154 (28.0) 160 (29.1) 25 (4.5) 550 (100.0)

All medals 50 (5.4) 86 (9.3) 297 (32.2) 295 (32.0) 193 (21.0) 921 (100.0)

Gold medals 16 (5.8) 20 (7.2) 91 (32.9) 87 (31.4) 63 (22.7) 277 (100.0)

NUMBER PER 1,000 REGISTERED ATHLETES (95%CI)

All injuries 127.3 (111.5 to 143.1) 109.3 (96.6 to 122.1) 108.9 (98.9 to 118.8) 89.5 (80.4 to 98.5) 64.9 (52.4 to 77.4) 100.7 (95.5 to 105.9)

All illnesses 63.7 (52.1 to 75.2) 44.3 (35.9 to 52.6) 41.1 (34.7 to 47.4) 42.1 (35.7 to 48.5) 16.7 (10.2 to 23.2) 42.1 (38.7 to 45.6)

All medals 29.2 (21.2 to 37.2) 37.3 (29.6 to 45.0) 79.2 (70.6 to 87.9) 77.6 (69.1 to 86.1) 129.2 (112.2 to 146.2) 70.5 (66.1 to 74.9)

Gold medals 9.3 (4.8 to 13.9) 8.7 (4.9 to 12.5) 24.3 (19.4 to 29.2) 22.9 (18.1 to 27.7) 42.2 (32.0 to 52.4) 21.2 (18.7 to 23.7)

*the number of countries for “all” is different than the sum of the number of countries reported in each country participation group, since the number of athletes registered could have

differed in the same country between championships.

There were significant negative correlations between the number of injuries per 1,000 registered athletes and the number of medals per 1,000 registered athletes (r = –0.92, p < 0.001,

nearly perfect) and of gold medals per 1,000 registered athletes (r = –0.90, p < 0.001, nearly perfect), and between the number of illnesses per 1,000 registered athletes and the

number of medals per 1,000 registered athletes (r = –0.92, p < 0.001, nearly perfect) and of gold medals per 1,000 registered athletes (r = –0.99, p < 0.001, nearly perfect).

FIGURE 1 | Number of injuries, illnesses, medals and gold medals per 1,000

registered athletes (and 95% confidence interval) per country participation

according to the number of registered athletes for each country participation

(i.e., <10, 10–24, 25–49, 50–99, >100). The number of injuries per 1,000

registered athletes correlated significantly negative with the number of medals

(r = −0.92, p < 0.001, nearly perfect) and with the number of gold medals (r

= −0.90, p < 0.001, nearly perfect) per 1,000 registered athletes. The number

of illnesses per 1,000 registered athletes correlated significantly negative with

the number of medals (r = −0.92, p < 0.001, nearly perfect) and of gold

medals (r = −0.99, p < 0.001, nearly perfect) per 1,000 registered athletes.

2012 (Engebretsen et al., 2013) and 2016 (Soligard et al., 2017).
The fact that small teams come to the championships without
any medical team, and may have difficulties accessing health
professionals in the preparation for championships might be
a possible explanation. However, such results require further
research to better understand these differences between countries
in injury/illness rates (e.g., analyzing, for small teams, the

availability of medical services before the championships, and
the behavior regarding the use of medical services during the
championships), in order to design appropriate injury/illness
prevention measures.

“Nothing Ventured, Nothing Gained”
Our study revealed a significant positive correlation between
the number of registered athletes per countries and the number
of (gold) medals won, i.e., countries with a higher number
of registered athletes were more likely to win medals during
major international championships. In addition, a significant
positive correlation between the number of registered athletes
and the number of injuries and illnesses were observed, i.e.,
countries with a higher number of registered athletes were most
likely to have injured or sick athletes in their teams. Thus,
when increasing the number of athletes, it may increase the
chance to have top-level athletes who can win medals, but also
may increase the risk of incurring injuries and illnesses in the
team. As a practical implication, we can suggest that larger
teams should prepare for the championships with appropriate
medical services and staff to encompass the higher risk of
health problems.

Lower Injury and Illness Rates Seem to
Allow Higher Performance During Athletics
Championships
Previous studies reported a relationship between health and
sport performance (Hanstad et al., 2011; Hägglund et al., 2013;
Raysmith and Drew, 2016; Drew et al., 2017). There was strong
evidence that injury and/or illness can impact sporting success,
especially increased availability of team members/athletes
decreased the risk of failure, and pre-competition and
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TABLE 2 | Correlations between the numbers of injuries and illnesses with the numbers registered athletes, medals and gold medals, and country ranking, as well as

correlations of these numbers reported per 1,000 registered athletes.

Number of

registered athletes

Country ranking Number of medals Number of gold

medals

Number of medals

per 1,000

registered athletes

Number of gold

medals per 1,000

registered athletes

NUMBER OF

All injuries r = 0.666, p < 0.01,

large

r = −0.445,

p < 0.01, moderate

r = 0.545, p < 0.01,

large

r = 0.475, p < 0.01,

moderate

r = 0.233, p < 0.01,

small

r = 0.145

All illnesses r = 0.493, p < 0.01,

moderate

r = −0.281,

p < 0.01, small

r = 0.348, p < 0.01,

moderate

r = 0.306, p < 0.01,

moderate

r = 0.118 r = 0.085

NUMBER PER 1,000 REGISTERED ATHLETES

All injuries r = −0.019 r = −0.003 r = 0.003 r = 0.002 r = 0.100 r = 0.025

All illnesses r = −0.063 r = 0.117 r = −0.047 R = −0.034 r = −0.046 r = −0.001

Significant correlations are highlighted in bold.

in-competition injuries both were associated with increased
risk of failure in reaching the performance goals (Drew et al.,
2017). In a population of 33 international track and field athletes
followed during 5 seasons, the loss in training availability due
to injury and/or illness was associated with performance failure
during major international championships (Raysmith and Drew,
2016). Our present study supports the relationships between
injury and illness and performance during major international
championships. It also provides some additional preliminary
findings on the relationships of country size (i.e., number of
registered athletes per championships) with health problem
and performance. Consequently, we fully agree with practical
recommendations of Drew et al. (2017):

– “Athlete health should be prioritized as a component of the
integrated performance system;

– Multiple stakeholders (e.g., clinician, coach, sport scientist, the
athlete) are accountable for both performance and the health;

– Sacrificing an athlete’s safety resulting in injury or illness may
also result in lower performance;

– Performance cannot be researched without consideration of
the health status of the athlete both during competition and
the period prior.”

Injury and illness prevention should be seen and included as
a win-win performance-prevention strategy (Edouard et al.,
2019a,b). These injury and illness prevention measures should be
especially implemented in period prior to a major event, within
the 6-month prior as suggested by Raysmith and Drew (2016), or
at least during the month prior to the major event as suggested
several studies (Alonso et al., 2015; Edouard et al., 2015c; Timpka
et al., 2017), and during the event itself as suggested by our
present results. This could also be one way to improve adherence,
compliance and engagement in injury and illness prevention
programmes (Drew et al., 2017).

Methodological Considerations
To our best knowledge, this is the first study to analyse the
relationships between injuries/illnesses and performance
success during major athletics championships. Although
some limitations detailed below should be acknowledged,
these preliminary results allow hypothesizing that injury

and illness prevention could be a way of improving athletics
performance. These present findings extend those from
previous epidemiological studies during international athletics
championships (Alonso et al., 2009, 2010, 2012, 2015; Edouard
et al., 2014b, 2015b, 2016a, 2019b; Feddermann-Demont et al.,
2014; Timpka et al., 2017; Edouard et al., under revision) by
showing a close relationship between health and performance of
the athletes. These results are based on a good methodological
quality, regarding team participation and response rates
(Edouard et al., 2016b), and on a large sample size (219
countries, 13,059 registered athletes, 1,315 injuries and 550
illnesses) allowing more representative results.

In addition to the limitations previously discussed (Alonso
et al., 2009, 2010, 2012; Edouard et al., 2013, 2014b, 2015b,c,
2016a, 2019b; Feddermann-Demont et al., 2014; Edouard
et al., under revision), others should be acknowledged. The
country participation (i.e., one country participating in one
championship) means that some countries and athletes were
counted more than once, e.g., in the groups of country
participation according to the number of registered athletes
(due to multiple participation of countries and athletes in
several championships). The differences in numbers and rates
of injuries/illnesses could be caused by different reporting
of national medical teams. Especially, countries with a small
number of registered athletes often do not have sufficient
medical staffs and use the opportunity to consult the LOC
medical centers for their injuries or illnesses. We reported the
number of injuries and illnesses, which is different from the
number of injury events, and of injured and sick athletes.
Injury and illness information should not be interpreted as risk
indicators at the level of individual athletes (Edouard et al.,
2019b; Edouard et al., under revision). We chose number of
medals and country ranking as sports performance outcome,
which relates to the country and not to the individual athletes
(e.g., metrics parameters, intra-personal parameters) (Drew
et al., 2017; Raysmith et al., 2019). We acknowledge that
numerous factors (e.g., physical, physiological, psychological,
and/or technical aspects), in addition to injury and illness, may
influence a performance outcome (Raysmith and Drew, 2016).
The number of (gold) medals per country per championship
collected on the IAAF and EAA websites for the present study
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could have changed from the time of the competition (and time
of the injury/illness data collection), since some athletes who won
medals in the championships have been excluded a posteriori
because of doping.

CONCLUSIONS

This study showed that the number of injuries and illnesses
during eight major international athletic championships varied
between countries with different numbers of registered athletes.
Larger countries reported higher number of injuries and illness,
and small countries reported higher injury and illness rates. Thus,
medical services provision and staff need to be adapted to the size
of the team, and small teams may need special support in their
medical services provision and staff. Country participations with
a higher number of registered athletes reported fewer injuries
and illnesses per registered athlete, and won more medals and
gold medals per registered athlete. This highlights that injury and
illness prevention should be included as a win-win performance-
prevention strategy.

DATA AVAILABILITY

The raw data supporting the conclusions of this manuscript
will be made available by the authors, after explicit and justified
request, to any qualified researcher.

ETHICS STATEMENT

The studies involving human participants were reviewed
and approved by the study was reviewed and approved
by the Saint-Etienne University Hospital Ethical
Committee (IORG0004981). Written informed consent
for participation was not required for this study
in accordance with the national legislation and the
institutional requirements.

AUTHOR CONTRIBUTIONS

PE: conceived and designed the present analysis. PE and PB:
performed data collection. PE and LN: analyzed the data. PE,
PB, and AJ: interpreted the results. PE: drafted the manuscript
and prepared the table/figure. PE, AR, LN, VG, PB, and AJ:
edited, critically revised the manuscript, and approved the
final version.

ACKNOWLEDGMENTS

The authors are highly appreciative of the cooperation
given them by the medical staff of national teams and the
physicians attached to competition organizing committees
who volunteered their time to collect the data for
this project.

REFERENCES

Alonso, J.-M., Edouard, P., Fischetto, G., Adams, B., Depiesse, F., and Mountjoy,
M. (2012). Determination of future prevention strategies in elite track and field:
analysis of Daegu 2011 IAAFChampionships injuries and illnesses surveillance.
Br. J. Sports Med. 46, 505–514. doi: 10.1136/bjsports-2012-091008

Alonso, J.-M., Junge, A., Renstrom, P., Engebretsen, L., Mountjoy, M.,
and Dvorak, J. (2009). Sports injuries surveillance during the 2007
IAAF World Athletics Championships. Clin. J. Sport Med. 19, 26–32.
doi: 10.1097/JSM.0b013e318191c8e7

Alonso, J.-M. J.-M., Jacobsson, J., Timpka, T., Ronsen, O., Kajenienne, A.,
Dahlström, Ö., et al. (2015). Preparticipation injury complaint is a risk factor
for injury: a prospective study of the Moscow 2013 IAAF Championships. Br.
J. Sports Med. 49, 1118–1124. doi: 10.1136/bjsports-2014-094359

Alonso, J. M., Tscholl, P. M., Engebretsen, L., Mountjoy, M., Dvorak, J., and
Junge, A. (2010). Occurrence of injuries and illnesses during the 2009
IAAF World Athletics Championships. Br. J. Sports Med. 44, 1100–1105.
doi: 10.1136/bjsm.2010.078030

Bittencourt, N. F. N., Meeuwisse, W. H., Mendonça, L. D., Nettel-Aguirre,
A., Ocarino, J. M., and Fonseca, S. T. (2016). Complex systems approach
for sports injuries: moving from risk factor identification to injury pattern
recognition—narrative review and new concept. Br. J. Sports Med. 50,
1309–1314. doi: 10.1136/bjsports-2015-095850

Boccia, G., Brustio, P. R., Mois,è, P., Franceschi, A., La Torre, A., Schena, F.,
et al. (2019). Elite national athletes reach their peak performance later than
non-elite in sprints and throwing events. J. Sci. Med. Sport 22, 342–347.
doi: 10.1016/j.jsams.2018.08.011

Drew,M. K., Raysmith, B. P., and Charlton, P. C. (2017). Injuries impair the chance
of successful performance by sportspeople: A systematic review. Br. J. Sports
Med. 51, 1209–1214. doi: 10.1136/bjsports-2016-096731

Edouard, P., Alonso, J., Depiesse, F., and Branco, P. (2014a). Understanding
injuries during the european athletics championships: an epidemiological
injury surveillance study. N. Stud. Athl. 29, 7–16.

Edouard, P., Alonso, J. M., and Branco, P. (2018). New insights into preventing
injuries and illnesses among elite athletics athletes. Br. J. Sports Med. 52, 4–5.
doi: 10.1136/bjsports-2016-097369

Edouard, P., Alonso, J. M., Jacobsson, J., Depiesse, F., Branco, P., and Timpka, T.
(2015a). Injury prevention in athletics: the race has started and we are on track!
N. Stud. Athl. 30, 69–78.

Edouard, P., Branco, P., and Alonso, J.-M. (2016a). Muscle injury is the principal
injury type and hamstring muscle injury is the first injury diagnosis during top-
level international athletics championships between 2007 and 2015. Br. J. Sports
Med. 50, 619–630. doi: 10.1136/bjsports-2015-095559

Edouard, P., Branco, P., Alonso, J. M., and Junge, A. (2016b). Methodological
quality of the injury surveillance system used in international athletics
championships. J. Sci. Med. Sport 19, 984–989. doi: 10.1016/j.jsams.2016.03.012

Edouard, P., Depiesse, F., Branco, P., and Alonso, J. M. (2014b). Analyses of
Helsinki 2012 European athletics championships injury and illness surveillance
to discuss elite athletes risk factors. Clin. J. Sport Med. 24, 409–415.
doi: 10.1097/JSM.0000000000000052

Edouard, P., Depiesse, F., Hertert, P., Branco, P., and Alonso, J.-M. M.
(2013). Injuries and illnesses during the 2011 Paris European Athletics
Indoor Championships. Scand. J. Med. Sci. Sport. 23, e213–e218.
doi: 10.1111/sms.12027

Edouard, P., Feddermann-Demont, N., Alonso, J. M., Branco, P., and Junge,
A. (2015b). Sex differences in injury during top-level international athletics
championships: surveillance data from 14 championships between 2007 and
2014. Br. J. Sports Med. 49, 472–477. doi: 10.1136/bjsports-2014-094316

Edouard, P., Glover, D., Murray, A., Timpka, T., Sorg, M., Depiesse,
F., et al. (2019a). Infographics: Useful steps in the prevention of
illnesses during international athletics championships. Br. J. Sports Med.

doi: 10.1136/bjsports-2019-100953. [Epub ahead of print].
Edouard, P., Jacobsson, J., Timpka, T., Alonso, J. M., Kowalski, J., Nilsson, S.,

et al. (2015c). Extending in-competition Athletics injury and illness surveillance
with pre-participation risk factor screening: a pilot study. Phys. Ther. Sport 16,
98–106. doi: 10.1016/j.ptsp.2014.05.003

Frontiers in Sports and Active Living | www.frontiersin.org 7 July 2019 | Volume 1 | Article 8

https://doi.org/10.1136/bjsports-2012-091008
https://doi.org/10.1097/JSM.0b013e318191c8e7
https://doi.org/10.1136/bjsports-2014-094359
https://doi.org/10.1136/bjsm.2010.078030
https://doi.org/10.1136/bjsports-2015-095850
https://doi.org/10.1016/j.jsams.2018.08.011
https://doi.org/10.1136/bjsports-2016-096731
https://doi.org/10.1136/bjsports-2016-097369
https://doi.org/10.1136/bjsports-2015-095559
https://doi.org/10.1016/j.jsams.2016.03.012
https://doi.org/10.1097/JSM.0000000000000052
https://doi.org/10.1111/sms.12027
https://doi.org/10.1136/bjsports-2014-094316
https://doi.org/10.1136/bjsports-2019-100953
https://doi.org/10.1016/j.ptsp.2014.05.003
https://www.frontiersin.org/journals/sports-and-active-living
https://www.frontiersin.org
https://www.frontiersin.org/journals/sports-and-active-living#articles


Edouard et al. Countries, Health, Performance in Athletics

Edouard, P., Junge, A., Sorg, M., Timpka, T., and Branco, P. (2019b). Illnesses
during 11 international athletics championships between 2009 and 2017:
incidence, characteristics and sex-specific and discipline-specific differences.
Br. J. Sports Med. doi: 10.1136/bjsports-2018-100131. [Epub ahead of print].

Edouard, P., Morel, N., Serra, J.-M., Pruvost, J., Oullion, R., and Depiesse, F.
(2011). [Prévention des lésions de l’appareil locomoteur liées à la pratique de
l’athlétisme sur piste. Revue des données épidémiologiques]. Sci. Sports 26,
307–315. doi: 10.1016/j.scispo.2011.04.003

Edouard, P., Morin, J.-B., Celli, F., Celli, Y., and Edouard, J.-L. (2009). Dropout in
international combined events competitions. N. Stud. Athl. 24, 63–68.

Edouard, P., Pruvost, J., Edouard, J. L., and Morin, J. B. (2010). Causes
of dropouts in decathlon. A pilot study. Phys. Ther. Sport 11, 133–135.
doi: 10.1016/j.ptsp.2010.07.004

Engebretsen, L., Soligard, T., Steffen, K., Alonso, J. M., Aubry, M., Budgett, R.,
et al. (2013). Sports injuries and illnesses during the London Summer Olympic
Games 2012. Br. J. Sports Med. 47, 407–414. doi: 10.1136/bjsports-2013-092380

Feddermann-Demont, N., Junge, A., Edouard, P., Branco, P., and Alonso, J.-M.
(2014). Injuries in 13 international Athletics championships between 2007-
2012. Br. J. Sports Med. 48, 513–522. doi: 10.1136/bjsports-2013-093087

Fowler, P. M. (2016). Performance recovery following long-haul international
travel in team sports. Aspetar Sport. Med. J. 4, 502–509.

Gross, M., Büchler Greeley, N., and Hübner, K. (2019). Prioritizing physical
determinants of international elite pole vaulting performance. J. Strength Cond.
Res. doi: 10.1519/JSC.0000000000003053. [Epub ahead of print].

Hägglund, M., Waldén, M., Magnusson, H., Kristenson, K., Bengtsson, H., and
Ekstrand, J. (2013). Injuries affect team performance negatively in professional
football: An 11-year follow-up of the UEFA Champions League injury study.
Br. J. Sports Med. 47, 807–808. doi: 10.1136/bjsports-2013-092215

Hanstad, D. V., Ronsen, O., Andersen, S. S., Steffen, K., and Engebretsen, L. (2011).
Fit for the fight? Illnesses in the Norwegian team in the Vancouver Olympic
Games. Br. J. Sports Med. 45, 571–575. doi: 10.1136/bjsm.2010.081364

Hopkins, W. G. (2002). A New View of Statistics: A Scale of Magnitudes for Effect

Statistics.Available online at: http://www.sportsci.org/resource/stats/effectmag.
html

Junge, A., Engebretsen, L., Alonso, J. M., Renström, P., Mountjoy, M.,
Aubry, M., et al. (2008). Injury surveillance in multi-sport events: the
International Olympic Committee approach. Br. J. Sports Med. 42, 413–421.
doi: 10.1136/bjsm.2008.046631

Junge, A., Engebretsen, L., Mountjoy, M. L., Alonso, J. M., Renström,
P., and a, F. H., Aubry, M. J., et al. (2009). Sports injuries during
the Summer Olympic Games 2008. Am. J. Sports Med. 37, 2165–2172.
doi: 10.1177/0363546509339357

Lohr, J., Fredrick, N. B., Helm, L., and Cho, J. (2018). Health guidelines for travel
Abroad. Prim. Care Clin. Off. Pract. 45, 541–554. doi: 10.1016/j.pop.2018.05.012

Loturco, I., Kobal, R., Kitamura, K., Fernandes, V., Moura, N., Siqueira, F., et al.
(2019). Predictive factors of elite sprint performance: influences of muscle
mechanical properties and functional parameters. J. Strength Cond. Res. 33,
974–986. doi: 10.1519/JSC.0000000000002196

Mahadevan, S. V., and Strehlow, M. C. (2017). Preparing for international
travel and global medical care. Emerg. Med. Clin. North Am. 35, 465–484.
doi: 10.1016/j.emc.2017.01.006

Meeuwisse,W.H., Tyreman, H., Hagel, B., and Emery, C. (2007). A dynamicmodel
of etiology in sport injury: The recursive nature of risk and causation. Clin. J.
Sport Med. 17, 215–219. doi: 10.1097/JSM.0b013e3180592a48

Melin, A. K., Heikura, I. A., Tenforde, A., and Mountjoy, M. (2019). Energy
availability in athletics: health, performance and physique. Int. J. Sport. Nutr.
Exerc. Metab. 29, 152–164. doi: 10.1123/ijsnem.2018-0201

Morin, J.-B., Bourdin, M., Edouard, P., Peyrot, N., Samozino, P., and Lacour, J.-R.
(2012). Mechanical determinants of 100-m sprint running performance. Eur. J.
Appl. Physiol. 112, 3921–3930. doi: 10.1007/s00421-012-2379-8

Raysmith, B., and Drew, M. K. (2016). Performance success or failure is
influenced by weeks lost to injury and illness in elite Australian Track and
Field athletes: A 5-year prospective study. J. Sci. Med. Sport 19, 778–783.
doi: 10.1016/j.jsams.2015.12.515

Raysmith, B., Jacobsson, J., Drew, M., and Timpka, T. (2019). What Is
Performance? A Scoping Review of Performance Outcomes as Study Endpoints
in Athletics. Sports 7:66. doi: 10.3390/sports7030066

Schwellnus, M. (2019). Optimising Health and Performance When Travelling to

Train and Compete. Doha: International Conference on Medicine and Science
in Athletics.

Schwellnus, M. P., Derman, W. E., Jordaan, E., Page, T., Lambert, M. I., Readhead,
C., et al. (2012). Elite athletes travelling to international destinations >5
time zone differences from their home country have a 2-3-fold increased
risk of illness. Br. J. Sports Med. 46, 816–821. doi: 10.1136/bjsports-2012-
091395

Siart, B., Nimmerichter, A., Vidotto, C., and Wallner, B. (2017). Status, stress and
performance in track and field athletes during the european games in Baku
(Azerbaijan). Sci. Rep. 7, 1–9. doi: 10.1038/s41598-017-06461-z

Soligard, T., Schwellnus, M., Alonso, J.-M., Bahr, R., Clarsen, B., Dijkstra, H.
P., et al. (2016). How much is too much? (Part 1) International Olympic
Committee consensus statement on load in sport and risk of injury. Br. J. Sports
Med. 50, 1030–1041. doi: 10.1136/bjsports-2016-096581

Soligard, T., Steffen, K., Palmer, D., Alonso, J. M., Bahr, R., Lopes, A. D., et al.
(2017). Sports injury and illness incidence in the Rio de Janeiro 2016 Olympic
Summer Games: a prospective study of 11274 athletes from 207 countries. Br.
J. Sports Med. 51, 1265–1271. doi: 10.1136/bjsports-2017-097956

Timpka, T., Alonso, J.-M., Jacobsson, J., Junge, A., Branco, P., Clarsen, B., et al.
(2014). Injury and illness definitions and data collection procedures for use in
epidemiological studies in Athletics (track and field): consensus statement. Br.
J. Sports Med. 48, 483–490. doi: 10.1136/bjsports-2013-093241

Timpka, T., Jacobsson, J., Bargoria, V., Périard, J. D., Racinais, S., Ronsen,
O., et al. (2017). Preparticipation predictors for championship injury and
illness: cohort study at the Beijing 2015 International Association of
Athletics Federations World Championships. Br. J. Sports Med. 51, 272–277.
doi: 10.1136/bjsports-2016-096580

van Mechelen, W., Hlobil, H., and Kemper, H. C. (1992). Incidence, severity,
aetiology and prevention of sports injuries. A review of concepts. Sport. Med

14, 82–99. doi: 10.2165/00007256-199214020-00002
Zaras, N. D., Stasinaki, A.-N. E., Methenitis, S. K., Krase, A. A., Karampatsos, G. P.,

Georgiadis, G. V., et al. (2016). Rate of force development, muscle architecture,
and performance in young competitive track and field throwers. J. Strength
Cond. Res. 30, 81–92. doi: 10.1519/JSC.0000000000001048

Conflict of Interest Statement: The authors declare that the research was
conducted in the absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Copyright © 2019 Edouard, Richardson, Navarro, Gremeaux, Branco and Junge.

This is an open-access article distributed under the terms of the Creative Commons

Attribution License (CC BY). The use, distribution or reproduction in other forums

is permitted, provided the original author(s) and the copyright owner(s) are credited

and that the original publication in this journal is cited, in accordance with accepted

academic practice. No use, distribution or reproduction is permitted which does not

comply with these terms.

Frontiers in Sports and Active Living | www.frontiersin.org 8 July 2019 | Volume 1 | Article 8

https://doi.org/10.1136/bjsports-2018-100131
https://doi.org/10.1016/j.scispo.2011.04.003
https://doi.org/10.1016/j.ptsp.2010.07.004
https://doi.org/10.1136/bjsports-2013-092380
https://doi.org/10.1136/bjsports-2013-093087
https://doi.org/10.1519/JSC.0000000000003053
https://doi.org/10.1136/bjsports-2013-092215
https://doi.org/10.1136/bjsm.2010.081364
http://www.sportsci.org/resource/stats/effectmag.html
http://www.sportsci.org/resource/stats/effectmag.html
https://doi.org/10.1136/bjsm.2008.046631
https://doi.org/10.1177/0363546509339357
https://doi.org/10.1016/j.pop.2018.05.012
https://doi.org/10.1519/JSC.0000000000002196
https://doi.org/10.1016/j.emc.2017.01.006
https://doi.org/10.1097/JSM.0b013e3180592a48
https://doi.org/10.1123/ijsnem.2018-0201
https://doi.org/10.1007/s00421-012-2379-8
https://doi.org/10.1016/j.jsams.2015.12.515
https://doi.org/10.3390/sports7030066
https://doi.org/10.1136/bjsports-2012-091395
https://doi.org/10.1038/s41598-017-06461-z
https://doi.org/10.1136/bjsports-2016-096581
https://doi.org/10.1136/bjsports-2017-097956
https://doi.org/10.1136/bjsports-2013-093241
https://doi.org/10.1136/bjsports-2016-096580
https://doi.org/10.2165/00007256-199214020-00002
https://doi.org/10.1519/JSC.0000000000001048
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/sports-and-active-living
https://www.frontiersin.org
https://www.frontiersin.org/journals/sports-and-active-living#articles

	Relation of Team Size and Success With Injuries and Illnesses During Eight International Outdoor Athletics Championships
	Introduction
	Methods
	Study Design and Procedure
	Data Collection
	Injury and Illness Definitions
	Confidentiality and Ethical Approval
	Data Analyses

	Results
	Discussion
	Injury and Illness Rates Varied Between Countries
	``Nothing Ventured, Nothing Gained''
	Lower Injury and Illness Rates Seem to Allow Higher Performance During Athletics Championships
	Methodological Considerations

	Conclusions
	Data Availability
	Ethics Statement
	Author Contributions
	Acknowledgments
	References


